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PREFACE. 


In  the  summer  of  1883  the  systematic  examination  of  the 
Cretaceous  and  Tertiary  formations  of  Alabama  was  taken 
up  by  the  Geological  Survey. 

The  first  work  was  done  in  the  vicinity  of  the  Alabama 
and  Tombigbee  rivers  by  Mr.  L.  0.  Johnson  and  myself, 
and  later  by  Mr.  D.  W.  Langdon  and  myself.  The  results 
of  this  study  was  a  preliminary  report  on  this  region  pub- 
lished as  Bulletin  No.  43,  of  the  United  States  Geological 
Survey. 

Since  1887  the  examination  has  been  carried  eastward  to 
the  Chattahoochee  river  chiefly  by  Mr.  Langdon,  and  a  re- 
port upon  the  Cretaceous  and  Tertiary  formations  of  the 
whole  State  is  now  in  great  part  in  manuscript  and  will  be 
published  as  soon  as  the  map,  which  is  to  illustrate  it,  can 
be  made  ready. 

Enquiries  are  continually  being  made  concerning  the 
natural  fertilizers  of  the  State,  and  in  view  of  the  interest 
in  these  matters  thus  shown,  it  has  been  thought  desirable 
to  publish  so  much  of  the  report  above  referred  to  as  relates 
to  the  phosphates  and  marls  ot  Alabama  as  a  Bulletin  in 
advance  of  the  rest. 

EUGENE  A.  SMITH. 
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THE  PHOSPHATES  OF  ALABAMA. 


HISTORICAL. 

In  the  early  part  of  the  spring  of  1884 1  received  from  Mr.  J. 
W.  Spencer,  of  Hamburg,  Perry  county,  a  box -of  phosphatic 
nodules  and  shell  casts.  Mr.  Spencer's  attention  had  been 
directed  to  these  things  which  occurred  on  his  land,  by  some 
published  description  of  the  South  Carolina  phosphates.  He 
had  sent  specimens  to  Dr.  C.  U.  Shepard,  of  Charleston,  S.  C, 
who  had  analyzed  them,  and,  on  recognizing  them  as  phos- 
phates,hftd  sent  his  assistant,  Dr.  Chazal,  to  Alabama  to  in- 
vestigate the  occurrence.  Dr.  Chazal  examined  the  ground 
and  came  to  the  conclusion  that  the  phosphates  were  not  in 
sufficient  quantity  to  be  of  commercial  value,  and  this  conclu- 
sion seems  to  be  borne  out  by  our  subsequent  investigations, 
so  far  as  the  high  grade  phosphates  are  concerned,  and  these 
were  all  that  Dr.  Chazal  particularly  examined. 

Jn  April  1884, 1  went  to  Hamburg  personally  to  see  the 
mode  of  occurrence  of  the  phosphates,  and  finding  in  addi- 
tion to  the  nodular  phosphates,  a  phosphatic  greensand,  and 
being  satisfied  that  the  latter  at  least,  would  become  an  article 
of  great  value  to  our  agricultural  interests,  I  announced  the 
fact  through  the  papers,  and  sent  Mr.  D.  W.  Langdon,  Jr.  As- 
sistant in  the  State  Geological  Survey,  to  examine  the  occur- 
rences about  Hamburg  more  closely,  and  to  follow  the  outcrop 
of  these  deposits  from  Hamburg  east  and  west  across  the  state. 

Soon  after  my  announcement,  Prof.  Stubbs  of  Auburn,  and 
his  Assistant,  Prof.  Leroy  Broun,  Jr.,  came  also  to  Hamburg 
and  the  last  named  gentleman  was  with  Mr.  Langdon  in  his 
subsequent  investigations  about  Hamburg. 

Afterwards,  Mr.  Broun  went  into  Macon,  Russell,  and  Bar- 
bour counties,  where  he  also  found  the  phosphates. 
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Mr.  Langdon  traced  the  Hamburg  deposits  across  to  Eutaw, 
and  eastward  to  near  Selma.  I  sent  Mr.  John  Daniel  of  this 
University  down  to  Summerfield,  and  afterwards  to  east 
Dallas  and  western  Autauga,  and  later  still,  into  the  southern 
part  of  Dallas  county,  where  he  collected  for  the  survey  some 
valuable  notes  of  the  occurrence  in  those  localities. 

Having  indicated  in  the  newspapers,  several  places  at  which 
I  thought  the  phosphates  likely  to  be  found,  I  received,  from 
persons  all  along  this  line  of  probable  outcrop,  specimens 
which  in  most  cases  proved  to  be  phosphatic. 

Thus  in  a  very  short  time,  it  was  known  that  the  Ham- 
burg belt  of  phosphates  extended  from  the  Mississippi  line 
through  Pickens,  Greene,  Hale,  Dallas,  Autauga,  and  Elmore 
counties,  while  Prof.  Broun's  examinations  showed  them  to 
exist  in  Macon  and  Russell. 

A  systematic  examination  of  the  specimens  in  the  collec- 
tion of  the  Geological  Survey  in  the  cabinet  of  the  Univer- 
sity, soon  revealed  the  fact  that  the  limestones  and  other 
rocks  of  the  Ripley  group  of  the  Cretaceous  formation,  imme- 
diately overlying  the  Rotten  Limestone,  were  in  places  more 
or  less  phosphatic.  This  was  announced  in  the  newspapers, 
and  a  list  published  of  the  localities  where  the  phosphates 
were  likely  to  occur,  and  iu  a  short  time  specimens  were 
sent  up  to  the  University  from  many  localities,  showing  that 
the  phosphates  were  very  generally  present  along  this  belt 
also  across  the  entire  state.  Examinations  were  made  by 
Mr.  John  Daniel,  Mr.  Langdon  and  myself  of  these  deposits 
in  Dallas,  Wilcox,  Marengo,  and  Sumter  counties  as  to  their 
mode  of  occurrence  and  the  thickness  of  the  beds. 

During  the  summer  of  1884  Mr.  Langdon,  while  collecting 
for  Mr.  T.  H.  Aldrich  in  the  southern  part  of  the  state,  dis- 
covered that  there  were  phosphatic  materials  occurring  still 
further  south  and  in  the  Tertiary  formation,  the  previously 
discovered  beds  being  in  the  Cretaceous. 
In  the  spring  and  early  summer  1884,  many  analyses  of  phos- 
phates were  made  at  the  University  of  Alabama,  and  later 
in  the  summer  I  sent  the  specimens  collected  by  me,  either 
through  my  assistants  or  through  correspondents,   over  to 


THE  PHOSPHATES  AND  MARLS  OF  THE  STATE.       11 

Auburn  where  they  were  analyzed  in  the  state  laboratory  of 
the  A.  &  M.  College  under  the  supervision  of  Prof.  Stubb6. 
The  results  of  these  analyses  were  published  in  Bulletin 
No.  5,  of  the  Agricultural  Department,  with  a  joint  report 
on  the  phosphates  of  Alabama,  by  Prof.  Stubbs  and  myself. 

The  specimens  analyzed  were  all  contributed  by  the 
Geological  Survey,  except  about  twenty,  which  were  fur- 
nished by  Prof.  Broun  from  the  eastern  counties  of  the  State. 
The  specimens  from  Hamburg  analyzed  at  the  State  labora- 
tory were  collected  by  Messrs.  Broun  and  Langdon.  The 
arrangement  of  the  material  in  this  Bulletin  No.  5  is  such  that 
it  is  very  difficult  to  make  any  practical  use  of  the  analyses, 
and  a  reprint  of  the  same  will  not  be  amiss. 

Soon  after  the  first  announcement  of  the  discovery  of  the 
phosphates,  hopes  of  making  sudden  fortunes  were  raised  in 
the  minds  of  many  of  our  citizens,  but  when  after  further 
investigation,  it  seemed  improbable  that  high  grade  phos- 
phates suitable  for  exportation  would  be  found  in  Alabama 
in  commercial  quantity,  there  came  a  reaction  and  doubts 
have  arisen  as  to  whether  our  phosphates  are  worth  anything 
at  all.  With  the  example  of  New  Jersey  before  us,  there 
should  be  no  possibility  of  a  doubt  as  to  the  future  of  agri- 
culture in  Alabama.  , 
If  we  compare  the  two  states,New  Jersey  and  South  Carolina, 
one  of  which  has  only  low  grade  phosphates  suitable  for  use 
at  home  but  not  rich  enough  for  export,  the  other  with  high 
grade  phosphates  which  are  shipped  to  all  parts  of  the 
world,  we  can  hardly  fail  to  see  that  the  advantage  to  the 
state  at  large  is  in  favor  of  New  Jersey  with  its  low  grade 
marls.  In  South  Carolina  the  phosphates  are  either  ex- 
ported or  manufactured  into  high  grade  fertilizers  from 
which,  in  all  probability,  the  soils  of  that  state  derive  no  more 
benefit  than  the  soils  of  other  states.  The  marls  of  New 
Jersey  on  the  other  hand  are  used  almost  exclusively  upon 
the  soils  of  that  state,  and  the  result  of  twenty -five  years 
application  of  them  has  been  to  cause  the  lands  of  New  Jersey 
to  be  worth  more  per  acre  than  those  of  any  other  state. 

With  an  abundance  of  high  grade  phosphate  only,  in  this 
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state,  it  is  probable  that  our  experience  would  not  be  differ- 
ent from  that  of  the  people  of  South  Carolina;  our  soils 
would  as  a*rule  be  no  better  for  it,  since  the  greater  part 
would  undoubtedly  be  exported  to  enrich  the  soils  of  some 
other  country. 

On  the  whole  it  seems  to  me  to  be  a  matter  for  congrat- 
ulation rather  than  otherwise  that  the  most  abundant  phos- 
phates of  Alabama  are  of  a  nature  which  will  probably  keep 
them  at  home.  If  they  are  used  rationally  by  our  people, 
there  can  be  no  doubt  that  the  enhancement  in  the  value  of 
lands'and  the  increase  in  the  crops  due  to  their  use,  will  rep- 
resent a  larger  amount  of  capital  than  would  the  trade  in 
exported  rock.  And  even  if  the  sums  realized  by  exporta- 
tion were  greater  the  money  would  be  in  fewer  hands,  and 
therefore  accomplish  less  general  good. 

It  is  discouraging  that  our  people  as  a  rule  are  so  slow  in 
taking  advantage  of  the  natural  fertilizers  of  the  state. 

This  is  however,  in  great  measure  due  to  lack  of  informa- 
tion on  the  subject ;  and  as  comparatively  little  printed  mat- 
ter comes  under  the  notice  of  the  majority  of  our  farmers 
they  can  never  be  induced  by  any  amount  of  writing  to  take 

up  these  things  which  lie  at  their  very  door. 

It  is  only  by  the  example  of  the  best  posted,  and  most 
successful  farmers  of  each  neighborhood,  who  are  willing  to 
experiment  with  these  fertilizers,  and  show  practically  their 
value,  that  the  great  mass  of  the  farmers  will  ever  be  brought 
to  use  them.  Fortupately,  in  several  parts  of  the  state,  there 
are  farmers  who  have  made  practical  field  tests  of  these 
marls,  and  from  these  as  a  center,  the  infection  will  spread 
it  is  to  be  hoped,  over  the  whole  state. 

GEOLOGICAL   AGE,   MODE^.OF  OCCURRENCE,     AND     COMPOSITION    OP 

THE    PH08PHATES. 

Phosphatic  marls  have  been  found  in  Alabama  both  in  the 
Cretaceous  and  Tertiary  formations,  and  for  our  present  pur- 
poses they  can  be  most  conveniently  considered  in  their  geo- 
logical relations. 
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From  the  margin  of  the  area  occupied  by  the  rocks  of  the 
older  formations  of  this  state,  the  strata  of  the  Cretaceous 
and  Tertiary  formations,  make  up  the  whole  mass  of  the  land 
southward  to  the  gulf  of  Mexico.  The  margin  of  these  older 
rocks^which  is  at  the  same  time  the  inner  or  upper  margin 
of  the  lowest  of  the  Cretaceous  formations,  stretches  in  a 
curve  from  the  north-western  corner  of  the  state  across  near 
FayetteJCourt  House,  Tuscaloosa,  Centerville,  and  Wetump- 
ka,  to  Columbus,  Georgia.  All  the  Cretaceous  and  Tertiary 
beds  have  a  gentle  slope  or  dip  towards  the  gulf  of  25  to  40  feet 
to  the  mile,  and  they  occupy  the  surface  across  the  state  in 
approximately  parallel  belts,  the  oldest  beds  furthest  north, 
and  the  newer  further  towards  the  south  in  the  order  of  their 
relative  ages.  As  a  further  consequence  of  this  dip  of  the 
strata,  each  one  of  these  beds,  while  appearing  at  the  sur- 
face only  in  a  comparatively  narrow  belt,  pas3os  beneath  the 
newer  beds,  and  may  be  found  below  the  surface  at  depths 
constantly  increasing  as  we  go  southward. 

The  geographical  distribution  of  the  surface  outcrops  of 
the  several  divisions  of  the  Cretaceous  and  Tertiary  may  be 
seen  by  reference  to  the  map  accompanying  my  Agricul- 
tural Report  for  the  years  1881-2.  But  since  that  report 
will  probably  be  acessible  to  very  few,  I  shall  preface  the 
detailed  descriptions  of  the  Ynarls,  by  a  short  account  of  each 
Of  the  formations  in  which  they  occur : 


CRETACEOUS  FORMATION. 

General    Characters. 

This  formation  is  made  up  of  some  2600  to  3500  feet  in 
thickness  of  strata,  which  are  sands,  clays,  and  limestones 
in  many  alternations.  The  subdivisions  of  the  formation 
are  four  in  number,  which  in  ascending  order  are  as  follows: 

1.  The  Tuscaloosa. — This,  the  lowermost  of  the  Cretaceous 
series,  consists  in  the  main  of  sands  and  clays  aggregating. 
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by  estimate,  1000  feet  in  thickness.  The  sands  are  usually 
light  colored  and  cross-bedded  ;  the  clays  are  in  part  lamin- 
ated in  which  case  they  often  hold  well  preserved  leaves  and 
other  remains  of  plants  and  occasionally  small  beds  of  lig- 
nite; and  in  part  massive  when  they  are  of  dark  red  and  purple 
colors  on  the  outcrop,  -where  exposed  to  the  air,  but  usually 
of  dark  gray  color  where  fresh  and  protected  from  the  action 
of  the  weather.  The  clays  of  this  formation  are  quite  sim- 
ilar both  in  composition  and  in  their  geological  relations,  to 
the  clays  of  New  Jersey,  and  are  gradually  being  utlized  in 
this  state  in  the  manufacture  of  fire-brick,  pottery,  etc.  All 
the  materials  and  the  fossils  of  the  Tuscaloosa  formation,  and 
the  numerous  beds  of  pebbles,  as  well  as  the  cross-bedded 
sands,  testify  to  the  existence  of  currents  when  the  beds  were 
deposited. 

2.  The  Eutaw. — Next  above  the  strata  of  the  Tuscaloosa 
come  those  of  the  Eutaw,  which,  like  the  former,  are  in  the 
main  composed  of  sands  and  clays,  but  which,  unlike  the  Tus- 
caloosa beds,  often  hold  grains  of  the  mineral  known  as 
greensand  or  glauconite,  essentially  a  compound  of  silica,  iron 
and  potassium,  and  generally  considered  of  marine  origin. 
The  greensand  beds,  upon  exposure  to  the  air,  gradually 
assume  a  yellowish  brown  or  reddish  color  due  to  the  oxida- 
tion of  the  iron  of  the  greensand. 

The  Eutaw  beds  in  places  hold  also  marine  shells,  usually 
much  decomposed  and  difficult  of  identification,  but  still 
proof  of  their  marine  origin.  Other  beds  of  the  Eutaw  series 
on  the  contrary  are  filled  with  leaf  impressions  and  other 
fossils  of  vegetable  origin,  in  which  they  resemble  the  under- 
lying Tuscaloosa  beds.  The  thickness  of  the  Eutaw  may  be 
put  at  about  300  feet. 

3.  The  Rotten  Limestone  or  Ohale. — Overlying  the  Eutaw 
there  is  a  great  thickness,up  to  1000  feet,of  calcareous  strata, 
prevalently  a  clayey  limestone  or  indurated  marl,  but  with 
admixtures  of  clay  beds  and  of  beds  of  true  chalk  (a  soft 
friable  limestone  consisting  almost  entirely  of  microscopic 
shells,  similar  to  those  which  are  at  present  found  only  in 
the  deeper  parts  of  the  sea).    At  the  base  of  this  calcareous 
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formation,  as  well  as  at  its  summit,  there  are  transition  beds 
more  or  less  sandy,  grading  on  the  one  hand  into  the  Eutaw 
beds  below,  and  on  the  other  hand  into  the  Ripley  beds 
above.  It  is  in  these  transition  beds  that  the  phosphates 
occur,  and  to  them  we  shall  accordingly  direct  special  atten- 
tion in  the  sequel.  While  the  Tuscaloosa  and  Eutaw  divisions 
continue  across  the  State  with  tolerably  constant  characters, 
the  chalk  thins  out  to  the  eastward  and  has  not  been  identi- 
fied eastward  of  Macon  and  Bullock  Counties. 

4.  The  Ripley. — Next  above  the  Rotten  Limestone,  and 
forming  the  uppermost  member  of  the  Cretaceous  formation, 
lie  the  beds  of  the' Ripley  series,  so  named  from  their  char- 
acteristic occurrence  near  the  town  of  Ripley  in  Mississippi. 
These  consist  of  hard  sandy  crystalline  limestones  near  the 
base  of  the  series  and  calcareous  clays  and  bluish  micaceous, 
sandy  marls  above.  The  alternation  of  harder  and  softer 
beds  gives  character  to  the  topography  of  the  country  in 
which  these  rocks  occur,  and  which  in  western  Alabama  is 
known  as  the  "hill  prairie"  country. 

The  prairie  hills  are  usually  very  steep  and  abrupt,  and 
the  depressions  between  them  are  filled  in  with  the  sandy 
loams  of  the  LaFayette*  formation,  usually  more  or  less 
mingled  with  the  washings  of  the  calcareous  clays  which 
alternate  with  the  hard  limestone  ledges  of  the  hillsides. 
The  soils  resulting  from  these  mixtures  are  stiff,  marly,  and 
in  many  cases  extremely  fertile.  Towards  the  eastern  part 
of  the  state  the  bluish,  sandy,  micaceous  marls  become  more 
prevalent  and  attain  a  very  great  thickness,  and  occupy  the 
surface  over  a  belt  nearly  100  miles  in  width.  The  well 
known  farming  lands  of  the  Cowikee  Creek  and  Bear  Creek 
in  Russell  and  Barbour  counties  are  based  upon  these  blue 
marls.  The  thickness  of  the  Ripley  varies  between  wide 
limits,  being  perhaps  500  feet  as  a  maximum  in  west  Ala- 
bama, and  increasing  to  much  more  than  1,000  feet  in  east 

*This  is  the  name  given  to  that  mantle  of  red  loam  and  pebbles  which 
overspreads  the  greater  part  of  the  southern  half  of  Alabama,  in  many  cases 
hiding  more  or  less  completely  the  older  rocks  of  the  country.  This  form- 
ation has  heretofore  been  described  under  the  names  of  "Drift"  and  "Or- 
ange Sand." 


16  GEOLOGICAL   SURVEY  OF  ALABAMA. 

Alabama,  where  the  Rotten  Limestone  seems  to  be  entirely 
wanting. 

Phosphatie  Deposits  of  the  Cretaceous. 

As  before  stated,  the  phosphatie  deposits  of  oar  Cretaceous 
formations  occur  mainly  in  two  positions,  viz :  At  the  base 
and  at  the  summit  of  the  Rotten  Limestone ;  in  both  cases 
in  transition  beds  between  this  and  the  underlying  and  over- 
lying roefcs.  The  Rotten  Limestone  being,  as  above  noted, 
a  calcareous  clayey  formation  in  great  part,  yields  upon  dis- 
integration soils  that  are  for  the  most  part  strongly  limy, 
and  colored  dark  and  sometimes  nearly  black  with  vegeta- 
ble matter.  The  region  formed  by  the  Rotten  Limestone  is 
commonly  known  throughout  this  state  under  the  names 
"Black  Belt,"  "Canebrake,"  "Black  prairies,"  in  allusion  to 
prominent  characteristics.  The  positions  of  the  two  areas  in 
which  the  most  important  of  the  phosphatie  deposits  are  to 
be  looked  for  are  easily  located ;  the  one  occurs  along  the 
northern  border  of  the  prairie  belt,  and  the  other  along  its 
southern  border,  in  both  cases  where  the  transition  from  the 
lime  lands  to  the  sandy  lands  is  found.  The  phosphate  belt 
to  the  north  of  the  prairies  we  have  named  the  Eutaw, 
Hamburg ,  Selma  Belt;  the  one  to  the  sou  til  of  the  prairies 
is  known  as  Livingston,  Fort  Deposit,  Union  Springs  Belt. 
In  the  special  descriptions  of  these  occurrences  it  will  be 
beet  to  consider  them  separately. 

1.    Tub  Eutaw,  Hamburg,  Selma  Belt. 

HAMBURG. 

Mr.  J.  W.  Spencer  appears  to  have  been  the  first  to  suspect 
the  true  character  of  the  phosphatie  nodules  which  are  so 
abundant  about  the  old  town  of  Hamburg  in  Perry  county. 
After  analyses  made  by  Dr.  C.  U.  Shepard,  of  Charleston,  S.  0., 
and  in  the  laboratory  of  the  Alabama  Geological  Survey  at 
Tuscaloosa,  had  placed  beyond  doubt  the  composition  of  these 
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nodules,  the  locality  was  visited  and  closely  examined  by  a 
number  of  persons,  but  particularly  by  Mr.  D.  W.  Langdon, 
Jr.,  of  the  Geological  Survey,  and  Mr.  W.  Leroy  Broun,  Jr., 
Assistant  Ohemist  of  the  A.  &  M.  College. 

The  following  section  of  the  strata  at  Hamburg,  given  in 
descending  order,  will  show  the  mode  of  occurrence  and 
general  character  of  the  phosphatic  materials  at  that  place : 

Section  at  Hamburg. 

1.  Base  of  the  Rotten  Limestone.  The  beds  here  included 
contain  very  little  phosphoric  acid. 

2.  Greensand,  averaging  about  five  feet  in  thickness,  and 

strongly  impregnated  with  phosphoric  acid.    The  lowermost 

strata  of  this  greensand  contain  a  few  phosphatic  nodules, 

which,  however,  become  much  more  abundant  in  the  next 
succeeding  stratum. 

3.  Sandy  calcareous  stratum,  matrix  of  the  nodules,  five 
to  six  feet  in  thickness.  Where  this  bed  outcrops  in  the 
fields  the  surface  of  the  ground  is  covered  with  the  phos- 
phatic nodules,  which  are  concretionary  masses  of  nearly 
pure  phosphate  of  lime,  of  exceedingly  irregular  shapes,  and 
from  sizes  varying  from  small  pebbles  no  larger  than  a  pea  to 
pieces  two  or  more  inches  in  diameter.  The  nodules  vary  also 
in  color,  from  light  gray  to  dark  brown,  and  they  may  easily 
be  recognized  by  the  peculiar  odor  which  they  emit  when 
rubbed  together  or  broken,  ffhis  odor  is  described  by  some 
as  "fishy,"  by  others  as  "bituminous*  or  "naphthous,"  as  it 
resembles  to  some  degree  the  odor  of  crude  petroleum. 
Along  with  these  phosphatic  nodules  are  also  great  numbers 
of  casts  or  moulds  of  fossils,  usually  somewhat  worn,  and 
badly  preserved,  and  consisting  of  fragments  of  ammonites, 
baculites,  nautili,  and  other  well  known  Cretaceous  forms. 
These  casts  have  themselves,  in  most  cases,  been  more  or  less 
phosphatized,  and  in  some  instances  have  almost  entirely 
lost  their  original  shape  and  structure,  and  are  then  difficult 
to  distinguish  from  the  nodules.  Besides  these  there  are 
great  numbers  of  the  teeth  of  sharks  and  bones  of  saurians. 

The  nodules  are  found  as  above  stated,  in  small  numbers 
in  the  lower  beds  of  the  greensand,  but  more  abundantly  in 
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the  next  underlying  stratum,  mainly  through  about  two  to 
two  and  a  half  feet  of  its  thickness.  In  quantity,  according 
to  the  estimates  of  Messrs.  Langdon  and  Broun,  these  nodules 
would  average  some  two  to  eight  hundred  tons  to  the  acre. 
The  nodules  compare  favorably  in  composition  with  those  of 
South  Carolina,  as  may  be  seen  from  the  analyses  given 
below. 

4.  Hard  ledge  of  calcareous  sand,  six  to  eight  inches  in 
thickness,  and  holding  a  considerable  quantity  of  phosphoric 
acid  as  shown  by  the  subjoined  analyses. 

5.  Loose  sandy  beds,  micaceous,  with  numbers  of  sharks' 
teeth  and  in  the  upper  part  just  beneath  the  hard  ledge 
No.  4,  filled  with  the  shells  of  small  oysters.  This  division 
is  about  thirty  feet  thick,  and  holds  some  phosphoric  acid  as 
may  be  seen  from  the  analyses. 

6.  Compact  laminated  sands  consisting  of  white  quartz 
grains  mixed  with  grains  of  greensand,  15  feet. 

7.  Compact  blue  sands  with  greensand,  8  to  1 0  feet. 

Beds  Nos.  6  and  7,  as  well  as  part  of  No.  5,  are  well  ex- 
hibited in  a  bluff  just  below  Mr.  Spencer's  house,  and  east 
of  the  road.  *  i 

The  following  (page  21)  will  show  the  composition  (or 
rather  the  contents  of  phosphoric  acid)  oi  the  various  mate- 
rials occurring  at  Hamburg : 

a.  The  Nodules  and  PAospfratic  Casts  of  Fossils  from 
Spencer's  Field,  Hamburg. — The  nodules  and  phosphatic 
casts  which  cover  the  ground  in  some  parts  of  Mr.  Spencer's 
field,  have  evidently  come  from  the  disintegration  of  bed 
No.  3  above,  and  represent  the  accumulation  of  years.  In 
order  to  ascertain  the  proportion  of  these  phosphates  in  the 
original  rock,  Mr.  Langdon,  at  my  suggestion,  had  four  pits 
dug  into  No.  3  at  different  places,  and  collected  and  weighed 
the  nodules  occurring  in  a  measured  quantity  of  the  earth 
from  different  depths  in  these  pits,  and  from  this  he  esti- 
mated the  amount  per  acre  of  the  phosphates  which  this 
bed  would  yield.  His  average  of  several  such  estimates  is 
377.92  tons  to  the  acre,  the  nodules  being  distributed  through 
4  to  6  feet  thickness  of  the  matrix  rock.    It  is  doubtful  if  it 


THE  PHOSPHATES  AND  MARLS  OF  THE  STATE.       19 

would  pay  to  extract  these  from  the  rock,  bat  where  they 
have  already  been  weathered  out  and  lie  upon  the  surface, 
there  would  be  no  trouble  in  raking  them  up,  and  the 
amount  which  could  thus  be  gathered  is  very  considerable. 
The  Table  on  p.  21  will  show  the  composition  of  the 
higher  grade  materials  from  Spencer's  Field. 
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b.  Matrix  of  the  Nodules,  Spencer's  Field,  Hamburg. — It 
may  be  seen  from  the  section  (page  17)  that  the  nodules 
are  imbedded  in  a  stratum  some  five  or  six  feet  thick.  The 
material  of  this  matrix  is  sandy  and  calcareous,  and  it  is 
strongly  phosphatic,  as  may  be  seen  from  the  analyses  fol- 
lowing, (page  23).    It  would  undoubtedly  be  a  good  fertilizer : 
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c.  The  Greenland,  Spencer's  Fields  Hamburg. — This  be4 
is  some  five  feet  in  thickness,  and  is  throughout  rather 
strongly  impregnated  with  phosphoric  acid.  In  some  parts 
of  the  field,  where  exposed,  this  substance  is  indurated  into 
a  pretty  firm  rock,  but  iu  other  places  it  is  friable  and  inco- 
herent, and  occasionally  it  forms  the  suface  soil  which  is  cul- 
tivated. The  analyses  show  a  considerable  variation  in  the 
percentage  of  phosphoric  acid,  the  indurated  rock  contain- 
ing the  largest  proportion,  the  loose  rock  next,  and  the  soil 
least.  Some  of  the  analyses  made  from  picked  specimens  of 
the  hard  greensand  rock,  show  as  much  as  10  per  cent  phos- 
phoric acid,  but  as  the  average  is  a  good  deal  lower  than 
this,  I  have  inserted  in  the  table  (page  25)  only  such  analyses 
as  appear  to  represent  the  general  average  per  cent  of  the 
phosphoric  acid.  The  greensand  taken  from  the  pits  dug  by 
Mr.  Langdon,  show  less  phosphoric  acid  than  the  samples 
taken  from  the  surface. 
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26  GEOLOGIC  AX  SURVEY   OF  ALABAMA. 

In  order  to  ascertain  whether  or  not  it  would  be  possible 
to  concentrate  the  phosphatic  material  or  the  greensand 
grains  of  this  stratum,  Mr.  Langdon  made  some  experiments 
with  the  indurated  greensand,  loosely  pulverizing  it,  sub- 
jecting it  to  strong  mechanical  agitation,  then  separating  the 
upper  half  from  the  lower,  and  analyzing  each  as  to  its  con- 
tent  of  phosphoric  acid  and  potash.    Another  experiment 
was  made  by  stirring  the  pulverized  greensand  in  water, 
allowing  to  settle  and  then  determining  the  phosphoric  acid 
and  potash  of  the  upper  and  lower  halves  as  before.     In 
neither  case  was  any  very  marked  result  obtained,  but  there 
seems  to  be  good  reason  for  thinking  that  by  some  such 
mechanical  process,  it  will  be  possible  to  concentrate  the 
phosphate  so  as  to  render  it  suitable  for  shipment. 

d.  Sands  and  other  strata  underlying  the  nodule  hearing 
bed  at  Spencers,  near  Hamburg. — Samples  were  taken  of 
the  materials  underlying  the  nodule  bed,  at  intervals  of  three 
feet,  for  some  eighteen  to  twenty  feet,  and  also  of  the  indu- 
rated ledge  between  the  nodule  bed  and  the  sands.  All 
these  contain  phosphoric  acid  in  considerably  larger  propor- 
tions than  is  commonly  found  in  soils. 

The  subjoined  analyses  (page  27)  show  the  phosphoric  acid 
in  the  different  parts  of  the  Hamburg  strata: 
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28  GEOLOGICAL  SURVEY  OF  ALABAMA. 

No.  39  is  evidently  a  part  of  the  nodule-bearing  stratum 
of  which  several  analyses  have  been  given  in  a  preceding 
table  (page  23). 

NEAR  C  AH  ABA   RIVER. 

From  Hamburg,  Messrs.  Langdon  and  Broun  followed  the 
phosphatic  formation  eastward  to  the  Cahaba  River,  where 
the  following  geological  section  was  observed  by  them : 

Section  near  Cahaba  River,  on  land  of  Messrs.  A.  F.  and 
A.  J.  Davis : 

1.  Rotten  Limestone,  increasing  in  depth  southward. 

2.  Greensand  marl,  5  to  6  feet  thick. 

3.  Soft  cream-colored  rock,  phosphatic,  and  bearing  some 

nodules,  and  passing  below  into  a  grayish  limes- 
tone holding  the  nodules,  4  to  6  feet. 

4.  Indurated  calcareous  sandy  ledge,  1  to  1£  feet. 

5.  Yellow  micaceous  sand,  the  upper  part  holding  shells; 

30  feet. 

6.  Dark  red  sand  containing  more  greensand  than'No.  5, 

the  red  color  due  probably  to  oxidation  of  green- 
sand,  15  feet. 

7.  Indurated  ledge  similar  to  No.  4,  but  more  variable 

in  thickness,  6-12  inches. 

8.  Whitish  sand  with  few  grains  of  greensand,  10  inches. 

9.  Blue  joint  clay  varying  from  8  inches  to  4  feet  in 

thickness. 

10.  Red  or  orange  colored  sands  similar  to  No.  6, 10  feet. 

11.  Greensand,  four  feet  exposed  above  the  water  level 

in  Cahaba  river. 

WEST  OF  HAMBURG. 

Westward  from  Hamburg,  Mr.  Langdon  traced  tie  green- 
sand and  accompanying  nodule-bearing  bed,  by  Marion, 
Newberne,  Greensboro,  Cocke's  Mill,  etc.,  to  Eutaw,  and 
from  correspondents  I  have  also  received  specimens  from 
Pleasant  Ridge  and  Pickensville.  Subsequently,  Judge 
Lawrence  C.  Johnson,  of  the  U.  S.  Geological  Survey,  fol- 
lowed the  line  of  outcrop  of  these  beds  far  into  Mississippi. 

Between  Hamburg  and  Cocke's  Mill,  six  miles  west  of 
Greensboro,  the  greeneand  bed  has  substantially  the  same 
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characters  as  at  Hamburg,  and  the  phosphatic  nodules  are 
also  similar  in  quantity  and  quality  to  those  already 
described.  I  have  given  below  a  number  of  analyses  of  the 
different  kinds  of  phosphatic  materials  occurring  along  this 
line.  There  is  no  reason  for  thinking  that  the  occurrence  is 
not  continuous  between  Hamburg  and  Cocke's  Mill,  or  in- 
deed to  the  Mississippi  line.     See  analyses  49  to  60,  (page  30). 


On  the  Warrior  river  these  deposits  are  again  seen  at 
Choctaw  Bluff  and  at  the  old  Erie  landing.  At  both  places 
the  greensand  is  found  immediately  underlying  the  lower- 
most beds  of  the  Rotten  Limestone.  At  Erie,  curious  stalag- 
mitic  masses  of  indurated  sand  are  formed  in  the  loose  sands 
which  fall  down  the  face  of  the  bluff,  the  cementing  princi- 
ple being,  as  analysis  shows,  phosphate  of  lime.  Analyses 
are  found  in  the  subjoined  table  Nos.  61  and  62,  (page  30). 


At  Eutaw  the  greensand  bed  is  well  seen  in  the  railroad 
cut  near  the  depot.  This  greensand  contains  some  imbedded 
phosphatic  nodules,  but  the  greater  part  of  the  nodules  are 
to  be  found  in  a  whitish  sandy  calcareous  matrix,  also  seen 
in  the  railroad  cut ;  at  a  well  in  the  fair  grounds ;  in  a  field 
east  of  town,  belonging  to  Mr.  Eirksey ;  and  on  the  western 
edge  of  town  at  Mr.  C.  S.  Bray's.  In  all  these  localities 
there  are  phosphatic  shell  casts,  sharks'  teeth,  and  the  other 
fossils  common  to  the  phosphate  beds  elsewhere.  Analyses 
of  the  materials  occurring  about  Eutaw  are  seen  in  the  table 
(page  30),  Nos.  63,  64,  65,  66  and  67. 

Specimens  have  also  been  received  from  Pleasant  Ridge, 
from  Mr.  R  K.  Horton,  from  the  Turkey  creek  hills  close  to 
that  town ;  and  from  Pickensville  Mr.  Walton  Harrison  has 
sent  others.  From  both  these  localities,  only  nodules  and 
phosphatic  casts  have  come,  but  there  seems  to  be  no  reason 
for  thinking  that  the  green  sands  are  absent.  For  analyses 
see  table  (page  30)  numbers  68  and  69. 
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EAST   OF  HAMBURG. 

Mr.  John  Daniel,  of  the  University  of  Alabama,  went  for 
me  to  examine  the  country  east  of  Hamburg,  and  found  the 
phosphates  between  Selma/  and  Summerfield,  and  within  a 
few  miles  of  the  first  named  place.  From  here  he  went  into 
Autauga  county,  following  the  line  of  the  outcrop  of  the 
phosphates  as  far  as  Prattville.  Meanwhile  I  had  received 
from  several  gentlemen  near  Selma  specimens  from  a  num- 
ber of  localities  which  proved  to  be  phosphatic,  and  in 
Autauga  county  Mr.  Leonidas  Howard  and  Dr.  S.  P.  Smith 
made  tolerably  thorough  examinations  of  the  vicinities  of 
Mulberry  and  Prattville,  where  the  greensand  beds  were 
discovered.  The  analyses  of  these  greensands  show  that 
they  are  valuable  fertilizers. 

Along  with  the  greensands  are  the  usual  phosphatic 
nodules  and  shell  casts,  and  near  Prattville  also  Col.  Doster's 
farm  and  Dr.  A.  S.  McKeithen's  place,  a  hard  phosphatic 
limestone,  which  may  some  day  be  utilized.  From  the 
vicinity  of  Wetumpka  also  came  specimens  from  Mr.  John 
Enslen  showing  that  the  greensand  deposits  extended  in 
that  direction  also.  Prof.  Broun  of  Auburn  has  traced  the 
outcrop  of  the  phosphatic  deposits  through  Macon  and  Rus- 
sel  counties  almost  to  the  Georgia  line,  but  found  them  so 
deeply  covered  with  the  sands  of  the  drift  that  they  will 
hardly  be  utilized. 

We  thus  see  that  the  phosphate  outcrops  across  the  state 
probably  without  a  break  in  the  continuity,  and  with  very 
considerable  uniformity  in  composition,  and  it  is  almost  cer- 
tain that  valuable  greensands  are  to  be  had  merely  for  the 
cost  of  digging  them  up,  for  this  whole  distance. 

The  following  tables  (pages  32  and  33)  show  the  composi- 
tion of  the  materials  which  have  been  collected  from  the  va- 
rious localities  east  of  Hamburg: 
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It  has  already  been  said  above  that  Prof.  Leroy  Broun, 
Jr.,  of  Auburn,  was  sent  to  examine  the  phosphatic  deposits 
in  the  eastern  part  of  the  state.  His  report  to  Prof.  Stubbs 
is  given  in  full  in  Bulletin  No.  5  of  the  Agricultural  Com- 
mission, and  from  this  report  I  take  the  following  notes: 

The  phosphatic  formation  was  first  recognized  by  Mr. 
Broun  on  the  place  of  Mr.  T.  L.  Nobles,  S  36,  T  17,  R  23, 
and  it  consists  of  a  greensand  underlying  the  superficial 
loams  and  clays.  The  same  greensand  was  also  found  at 
several  other  localities,  as  at  Mr.  Frank  Howard's,  S  22,  T 16 
R  23,  also  a  mile  east  of  Mr.  Howard's  and  on  the  Mr.  J.  M. 
Comer's  place  four  miles  southeast  of  Tuskegee.  Thence 
eastward  the  greensand  bed  was  traced  to  Smith's  Store,  to 
within  one  and  a  half  miles  south  of  Society  Hill,  and  within 
one  mile  of  Marvin.  The  analyses  which  are  presented 
(page  35)  of  the  specimens  collected  by  Mr.  Broun,  show  that 
the  marl  is  not  very  strongly  phosphatic,  and  being  moreover 
deeply  covered  by  the  sands  of  a  later  formation,  is  not  likely 
to  become  of  much  importance. 

The  measurements  of  Mr.  Broun  show  that  the  greensand 
is  quite  thick,  averaging  perhaps  over  six  feet. 
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2.  The  Livingston,  Fort  Deposit,  Union  Springs  Belt. 

The  rocks  of  this  belt  crop  out  across  the  state,  along  the 
southern  border  of  the  prairie  region,  just  as  those  of  the 
first  named  belt,  appear  as  a  border  along  the  northern  edge 
of  the  prairies. 

The  localities  are,  of  course,  very  numerous,  and  as  some 
of  the  rocks,  especially  the  hard  crystalline  limestone,  appear 
to  contain  uniformly  a  high  percentage  of  phosphoric  acid, 
the  aggregate  amount  of  this  substance  is  very  great. 

The  mode  of  occurence  of  the  phosphoric  acid  in  the  rocks 
of  this  belt,  is  somewhat  similar  to  that  above  described,  viz : 
It  is  found  impregnating  the  siliceous  limestone  and  white 
calcareous  marls,  as  well  as  greensand  marls,  and  is  also  seen 
in  concretionary  masses  oi  nearly  pure  phosphate  of  lime, 
and  in  the  moulds  and  casts  of  fossils,  which  are  all  strongly 
phosphatic,  having  nearly  the  same  composition  as  the 
nodular  phosphates  themselves.  It  is  interesting  to  note  in 
this  connection  that  wherever  the  original  substance  of  the 
shell  is  present  in  any  of  these  fossil  remains,  as  is  the  case 
with  the  exogyras  and  gryph&aSj  of  the  oyster  family,  so 
abundant  throughout  the  prairie  region,  there  is  scarcely  a 
trace  of  phosphoric  acid. 

In  the  vicinity  of  the  Tombigbee  and  Alabama  Rivers  the 
upper  or  Ripley  group  of  the  Cretaceous  consists  of  the  fol- 
lowing well  marked  divisions : 

First.  Yellow  sands  about  fifty  feet,  holding  in  many 
localities  large  beds  of  highly  phosphatic  shell  casts. 

Second.  Dark  gray  micaceous  sandy  clays  and  clayey 
sands,  about  100  feet  thick,  traversed  by  hard  ledges  of  simi- 
lar materials,  and  not  very  prolific  of  fossils.  In  these  beds 
we  find  at  many  localities  a  bed  of  phosphatic  greensand  full 
of  soft  pulverized  carbonate  of  lime.  This  greensand  is  some 
three  feet  or  more  in  thickness,  contains  about  1.5  per  cent, 
of  phosphoric  acid,  and  has  been  very  successfully  used  as  a 
fertilizer.  This  is  probably  the  most  important  of  the  phos- 
phatic materials  occuring  in  this  belt,  and  several  analyses 
are  given  below,  from  which  its  composition  may  be  seen. 


«j 
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Third.  Thirty  to  thirty -five  feet  of  a  bluish  argillaceous 
limestone,  with  great  numbers  of  Cretaceous  shells,  which 
are,  however,  mostly  in  the  form  of  casts,  and  strongly 
phosphatic.  Along  with  these  are  irregularly  shaped  nodules 
of  phosphate  of  lime,  similar  to  those  occuring  in  the  Ham- 
burg belt,  and  in  most  of  the  localities  examined  we  find 
below  this  fossiliferous  bed  a  stratum  Of  siliceous  limestone 
of  very  variable  thickness,  which  also  is  strongly  impreg- 
nated with  phosphate  of  lime.  It  is  quite  possible  also  that 
some  of  the  hard  bands  which  traverse  the  sands  next  to  be 
described  are  also  phosphatic. 

Fourth.  Some  sixty  feet  or  more  of  sands  of  various  col- 
ors, with  indurated  bands  passing  through  them.  As  a  rule, 
these  sands  are  not  very  markedly  fossiliferous,  but  the  hard 
ledges  usually  hold  great  numbers  of  exogyras  and  gryphteas. 
As  stated  above,  it  seems  probable  that  some  of  the  siliceous 
phosphatic  rocks,  of  which  analyses  are  given  (page  44),  be- 
long to  this  division  of  the  Ripley.  This  seems  all  the  more 
probable  from  the  fact  that  the  uppermost  strata  of  the  Rotten 
Limestone  itself,  which  follow  next  below  the  sands  in  ques- 
tion, hold  in  some  cases  a  very  notable  percentage  of  phos- 
phoric acid.  This  is  shown  by  the  analyses  of  specimens 
collected  from  the  vicinity  of  Livingston.  These  specimens 
were  all  taken  from  the  surface,  and  appear  to  be  in  most 
cases  only  the  crumbling  or  disintegrating  portions  of  the 
Rotten  Limestone,  and  yet  when  the  compact  rock  imme- 
diately underlying  these  phosphatic  fragments  is  examined, 
it  usually  sfcows  a  very  small  proportion  of  phosphoric  acid. 
In  all  cases  the  shell  casts  were  phosphatic.  The  specimens 
about  Livingston  were  collected  by  the  writer  in  company 
with  Dr.  R.  D.  Webb,  whose  knowledge  of  the  geological  and 
topographical  features  of  Sumter  county  is  extensive  as  well 
as  accurate.  Many  years  ago  Dr.  Webb  made  analyses  of 
some  of  these  very  materials,  and  in  the  newspapers  called 
attention  to  the  comparatively  large  percentage  of  phospho- 
ric acid  which  they  contained. 

It  seems  further  probable  that  throughout  the  Rotten 
Limestone  there  are  beds  in  which  the  proportion  of  phos- 
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phate  of  lime  is  very  considerable,  or  in  which  at  least  the 
shell  casts  are  strongly  phosphatic.  This  is  shown  by  the  anal- 
yses given  (page  44)  of  phosphatic  shell  casts  obtained  from 
Boligee  in  Greene  county,  and  from  a  locality  between  New- 
berne  and  Uniontown,  seven  miles  from  the  first  named 
place.  Both  of  these  localities  are  situated  at  some  distance 
from  the  border  of  the  Rotten  Limestone. 

Analyses  illustrating  the  composition  of  the  phosphatic 
materials  occurring  in  the  Rotten  Limestone  itself  are  given 
in  the  table  (page  44),  numbers  111  to  120  inclusive. 

The  phosphates  of  the  strata  which  overlie  the  Rotten 
Limestone  and  which  are  included  in  the  Ripley  group  have 
been  examined  from  a  number  of  localities  below  noted,  and 
their  description  may  perhaps  be  best  given  in  geographical 
order.  In  describing  the  specimens,  I  shall  endeavor  to 
mark,  as  far  as  it  is  possible  to  do  so,  their  geological  posi- 
tion also  by  referring  them  to  one  of  the  four  divisions  of 
the  Ripley  group  given  on  a  preceding  page. 

Sumter  County. — At  Livingston,  in  addition  to  the  phos- 
phatic materials  already  mentioned  as  occurring  in  the  Rot- 
ten Limestone  itself,  there  is,  at  the  negro  graveyard  about 
two  and  a  half  miles  south-east  of  town,  an  outcrop  of  a 
siliceous  limestone  or  calcareous  sandstone  strongly  phos- 
phatic, and  a  good  many  feet  below  it  a  clayey  limestone 
with  about  half  a  per  cent  of  phosphoric  acid.  The  siliceous 
rock  lies  upon  a  hill  of  considerable  height,  and  probably  be- 
longs to  the  upper  part  of  the  fourth  or  the  lower  part  of  the 
third  division  above  given.  The  argillaceous  limestone  prob- 
ably belongs  to  the  Rotten  Limestone.  Analyses  of  these 
rocks  are  given  in  the  table  (page  44),  numbers  118  and  121. 
Just  across  the  bridge  over  Sucarnochee,  on  the  road  to 
York,  the  argillaceous  limestone  with  phosphatized  shell 
casts  (third  division  above)  outcrops  along  the  road  leading 
up  the  hill.  None  of  these  have  been  analyzed,  but  they 
are  of  the  usual  character. 

At  Coatopa  the  same  clayey  limestone  may  be  seen  on  the 
land  of  Mr.  John  Wiatt.  This  rock  has  a  good  deal  of  glau- 
conite  and  is  highly  fossiliierous,  the  fossils  being  mostly  in 
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the  form  of  phosphatized  casts.  Analyses  both  of  the  lime- 
stone and  of  the  shell  casts  have  been  made,  numbers  122 
and  123.  In  the  same  locality  there  is  a  highly  calcareous 
greensand  marl,  full  of  lumps  of  pulverulent  carbonate  of 
lime.  This  material,  by  reason  of  its  comparatively  high 
percentage  of  phosphoric  acid,  as  well  as  of  carbonate  of 
lime,  will  make  an  excellent  fertilizer,  where  it  can  be  had 
without  much  cost  for  freight.  Analyses,  numbers  124,  125 
and  126,  (page  44). 

At  Moscow,  on  the  Torabigbee  Kiver,  the  strata  of  this 
horizon  outcrop  on  the  banks  of  the  river.  Here  we  have 
the  siliceous  rock,  the  clayey  limestone  and  the  shell  casts, 
and  a  few  miles  north  of  the  town,  at  Dr.  Kelly's,  the 
greensand   marl.    Analyses,  numbers  127. 128, 129,  (p.  44). 

Marengo  County. — In  Marengo  county  the  rocks  of  this 
horizon  may  be  followed  along  a  line  leading  from  Moscow 
through  Jefferson,  Nixon's  Store,  etc.  They  occur  near  0.  0. 
Shields,  south  of  Dayton,  and  all  along  the  Linden  and 
Prairie  Bluff  road  to  the  eastern  border  of  the  county.  The 
materials  which  have  been  analyzed  come,  in  this  county, 
from  two  horizons,  viz :  The  upper  strata  of  the  Rotten 
Limestone  or  the  immediately  overlying  beds  of  the  Ripley, 
and  the  sandy  beds  which  form  the  uppermost  division  of 
the  Ripley  as  above  indicated. 

1.  Immediately  south  of  the  town  of  Dayton  the  soil  is  a 
strongly  tenacicrus  calcareous  clay,  imbedded  in  which  are 
numerous  clayey  phosphatic  concretions  which  are  different 
from  anything  seen  elsewhere.  If  found  in  sufficient  quan- 
tity, these  could  no  doubt  be  utilized,  since  they  contain  a 
very  considerable  percentage  of  phosphoric  acid,  as  shown 
by  the  subjoined  analyses,  numbers  130  and  131,  (page  44). 

2.  In  the  uppermost  beds  of  the  Ripley  group,  which  are 
in  the  main  yellow  micaceous  sands,  there  are  at  intervals 
beds  of  shells,  or  rather  of  the  casts  of  shells,  in  some  cases 
five  or  six  feet  in  thickness.  These  shell  casts  are  almost 
pare  phosphate  of  lime,  and  as  they  are  loosely  imbedded 
in  the  sands  and  in  large  quantity,  they  may  undoubtedly 
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be  dag  out,  ground  up  and  used  with  profit.  Near  Mr. 
Baileys' 8,  between  Dayton  and  Linden,  there  is  at  the  Oapt. 
Saunders  place  a  thick  bed  densely  packed  with  these  shell 
casts.  Also  near  C.  C.  Shields,  on  the  road  to  Prairie  Bluff, 
and  on  the  Shiloh  road  there  are  many  cuts  worn  by  the 
roads  in  the  yellow  sands,  and  in  these  cuts  these  shell  beds 
appear.  An  analysis  of  some  of  the  casts  from  this  locality 
appears  on  page  44,  number  132. 

Further  south  also  in  T.  15,  R.  4,  in  a  belt  running  east 
and  west  through  the  second  tier  of  sections  of  the  town- 
ship, these  shell  beds  are  met  with  in  mauy  localites.  One 
of  the  analyses  ( page  45)  shows  the  composition  of  an  average 
of  the  shell  casts  from  three  localities  on  Thos.  Boozer's 
land.  Number  133.  These,  as  well  as  most  of  the  clayey 
phosphates  from  near  Dayton,  were  collected  by  Mr.  Law- 
rence R.  Smith,  to  whom  I  am  also  indebted  for  much  infor- 
mation concerning  the  occurrence  of  the  phosphatic  material* 
in  Marengo  county. 

These  shell  casts  appear  to  promise  more  than  any  of  the 
other  materials  observed  in  Marengo,  for  they  are  found  in 
sufficient  quantity,  are  easily  accessible,  and  if  the  composi- 
tion in  other  localities  is  approximately  similar  to  that  of 
the  specimens  analyzed,  they  are  rich  enough  in  phosphoric 
acid.  It  seems  probable  that  they  will  all  be  found  to  be 
very  highly  phosphatic,  since  the  specimens  from  near  Re- 
hobeth  from  the  same  geological  horizon  show  a  similar  com- 
position.   See  analysis  number  139,  (page  45). 

Wilcox  County. — This  phosphatic  belt  may  be  traced  all 
along  the  northern  border  of  the  county  from  Prairie  Bluff 
to  Snow  Hill.  The  phosphates  appear  to  come  from  three 
distinct  geological  horizons,  viz : 

1.  The  argillaceous  limertone  with  shell  casts  which 
make  up  the  third  division  of  the  Ripley  group.  Every- 
where at  this  horizon  hard  brown  colored  shell  casts  of  phos- 
phate of  lime  are  seen  wherever  the  limestone  has  been  ex- 
posed to  weathering.  Samples  of  these  phosphatic  casts 
have  been  collected  from  Prairie  Bluff,  Old  Canton  Landing 
and  vicinity,  near  Bridgeport,  at  mouth  of  Tear  Up  Creek, 
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and  eastward  out  to  Snow  Hill,  and  associated  with  them  at 
all  these  localities  we  find  hard  crystalline  phosphatic  lime- 
stone and  calcareous  sandstone,  the  limestone  being  in 
places  very  siliceous,  so  as  to  approach  sandstone  in  com- 
position. We  have  no  analyses  of  the  shell  casts  from  Wil- 
cox, but  they  are  in  all  respects  like  those  from  Ooatopa  and 
other  localities  along  this  belt.  At  Prairie  Bluff  there  is  a 
sandstone  much  used  for  building  purposes,  which  has  a  good 
deal  of  phosphoric  acid,  averaging  perhaps  .5  of  a  per  cent. 
See  analysis  (page  45),  No.  134. 

The  siliceous  limestone,  which  may  be  a  variety  of  the 
preceding,  is  more  strongly  phosphatic,  and  a  specimen  from 
a  locality  about  a  mile  north  of  Prairie  Bluff  contained  over 
8  per  cent,  phosphoric  acid.  No.  135.  A  similar  phos- 
phatic sandy  limestone  from  John  Pettway's  land,  in  Gee's 
Bend,  has  even  more.     See  No.  137,  (page  45). 

A  somewhat  similar  rock,  but  less  stjfongly  phosphatic, 
was  analyzed  from  Mr.  J.  T.  Beck's  land  near  Bridgeport. 
Xo.  136,  (page  45). 

Again,  at  Snow  Hill  the  same  rock,  a  specimen  of  which 
from  L.  Moore  contains  nearly  10  percent.  No.  142,  (page  45). 

2.  In  the  upper  strata  of  the  Ripley  group  in  all  these 
localities  occur  the  phosphatic  shell  casts,  analogous  to  those 
described  from  near  Shields,  in  Marengo,  and  in  the  eastern 
part  of  the  county  near  Snow  Hill,  the  phosphatic  green- 
sand,  which  is  probably  analogous  to  that  occurring  at 
Coatopa  and  near  Moscow.  Some  of  the  shell  casts  from 
Rehobeth,  a  few  miles  north  of  Prairie  Bluff,  have  been 
analyzed  and  contain  over  23  per  cent,  of  phosphoric  acid. 
No.  139.    Associated  with  these  casts  are  numerous  rounded 

lumps  of  a  sandy  calcareous  character  containing  some  phos- 
phoric acid.    No.  138,  (page  45). 

The  greensand  has  been  best  tested,  both  by  analysis  and 

by  actual  field  experiment,  from  the  bed  occurring  at  W.  S. 

Purifoy's,  Snow  Hill.    This  contains  about  1.5  per  cent  of 

phosphoric  acid,  but  a  large  percentage  of  carbonate  of  lime 

in  loose,  easily  crumbled  form,  and  will  be  one  of  the  most 
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valuable  of  natural  fertilizers  where  it  can  be  spread  upon  the 

soil  without  too  much  expense.  See  No.  140,  (page  45).  This  is 

analogous  to  the  greensand  marl  from  near  Coatopa,*  and 

from  various  localities  in  Dallas  contiguous  to  the  Wilcox 

line,  as  shown  below. 
There  is  an  indurated  bed  usually   associated  with  the 

greensand  which  contains  even  a  higher  percentage  of  phos- 
phoric  acid,  as  may  be  seen  from  the  analysis  No.  141, 

(page  45). 
Dallas  County. — The  same  rocks  occur  along  the  southern 

line  of  this  county  at  Tilden,  Richmond,  Oarlowville,  Minter 
Station,  etc.,  where  we  find  both  the  greensand  bed  and  be- 
low it  the  siliceous  phosphatic  limestone  or  calcareous  sand- 
stone, of  which  several  analyses  are  presented.  From  these 
it  will  be  seen  that  the  limestone  has  a  very  variable  com- 
position. Nos.  144, 145, 146, 147, 151, 152, 154,  (pages  45-6). 
With  this  are  everywhere  found  phosphatic  shell  casts.  No. 
153,  (page  46).  The  greensand  marl  appears  to  be  of  more 
uniform  composition,  as  shown  by  analyses  No6.  143,  148, 

149,  150,  (pages  45-6). 

Lowndes  County  and  Eastward. — Beyond  Dallas  county 

very  few  examinations  have  been  made,  but  some  specimens 

have  been  sent  to  the  University  which  show  the  existence 

of  this  line  of  phosphatic  rocks  nearly  to  the  eastern  line  of 

the  state.     The  phosphatic  greensand  crosses  Lowndes  a 

short  distance  below  Bragg's  Store. 

Between  Fort  Deposit  and  Calhoun  Stations  the  siliceous 

limestone  occurs  sometimes  in  rounded,  apparently  water- 
worn  fragments,  one  of  which  has  been  analyzed.    No.  155, 
(page  46). 
Again,  at  Strata,  in  the  northern  part  of  Crenshaw  county, 

we  find  the  same  rock.     Analysis  No.  156,  (page  46).     Along 

with  it  are  great  numbers  of  phosphatized  shell  casts. 

At  01  us  tee  Creek,  in  northern  Pike,  a  limestone  with  a 
moderate  proportion  of  phosphoric  acid  has  been  found,  but 

the  main  phosphatic  belt  will  probably  be  found  further 
north  in  the  lower  part  of  Montgomery  county.  See  analy- 
sis 157,  (page  46). 

The  crystalline  limestone  of  Chunnenugga  Ridge  at  Union 
Springs,  in  Bullock  county,  is  also  phosphatic,  as  well  as  the 
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limestone  cropping  out  on  the  banks  of  Cubaha tehee  Cr6ek 
in  Macon  county.    No.  162  and  163,  (page  46). 

From  Dr.  C.  6.  Leitner,  Flora,  Bullock  county,  I  get  a 
number  of  specimens  of  a  phosphatic  clay  marl,  which  al- 
though not  very  rich  in  phosphates,  might  yet  be  advan- 
tageously used  where  the  cost  of  transportation  and  applica- 
tion to  the  soil  would  not  be  too  great.  For  analyses  see 
Nos.  158, 159, 160, 161,  (page  46), 

Along  the  Chattahoochee  river,  phosphates,  nodules,  etc., 
have  beqp  observed  in  small  quantities  at  several  places, 
e.  </.,  near  mouth  of  Uchee  Greek,  on  Mr.  Blackman's  place 
above  Eufaula,  etc.,  but  no  analyses  have  yet  been  made  of 
them. 

The  tables  on  pages  44-6  show  at  a  glance  the  composition  of 
the  various  materials  above  mentioned.  They  are  arranged 
first,  as  to  their  geological  horizon,  and  secondly,  as  to  geo- 
graphical position.  The  several  materials  are  (beginning 
with  the  lowermost,  geologically) :  1st,  a  siliceous  limestone 
of  very  variable  composition,  with  which  are  associated 
numerous  phosphatized  shell  casts.  This  appears  at  Mos- 
cow, at  Prairie  Bluff,  in  Gee's  Bend,  at  Minter  Station  and 
at  Snow  Hill. 

Above  this  we  find  in  many  of  the  localities  a  fine  green- 
sand  marl  containing  about  1.5  per  cent  of  phosphoric  acid, 
e.  g.,  at  Coatopa,  near  Moscow,  at  Tilden,  and  at  Snow  Hill. 
At  Eufaula  the  dark  gray  micaceous  marls  have  a  small  per- 
centage of  phosphoric  acid.  Analyses  164, 165, 166,  p.  46.  In 
these  micaceous  sands  the  greensand  bed  is  located.  The 
greensand  is  the  most  valuable  of  all  the  materials  occurring 
in  the  Upper  Cretaceous,  unless  it  should  turn  out  that  the 
shell  casts  occurring  in  the  uppermost  sands  (e.  g.,  at  0.  C. 
Shields  and  Bailey's,  in  Marengo,  and  near  Rehobeth,  in 

Wilcox,)  are  present  in  very  great  quantity,  and,  as  now 
seems  to  be  the  cave,  very  generally  distributed  throughout 
the  country.  This  bed  lies  at  a  considerable  distance  above 
the  siliceous  limestone  and  shell  casts  above  mentioned,  the 
distance  between  the  two  being  probably  oyer  100  feet. 
The  cast  themselves  are  easily  pulverized,  unlike  those 
occurring  in  the  lower  bed. 
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2  HE  TERTIARY  FORMATION. 
General  Characters  and  Sub- Divisions. 

The  whole  thickness  of  the  strata  of  the  Tertiary  formation 
on  the  Alabama  and  Tombigbee  Rivers  is  between  1,620  and 
1,700  feet,  while  on  the  Chattahoochee  it  is  aboat  1,200  feet. 

We  have  adopted  the  following  four- fold  division  of  the 
Tertiary : 

(4)    The  White  Limestone. 

(3)    The  Claiborne. 

(2)    The  Bahrstone,  and 

(1)    TheLignitic. 

The  general  characters  of  these  sub  divisions  are  given 
below  in  the  order  of  their  relative  ages,  i.  e.,  beginning 
with  the  oldest. 

(1)      THE   LIGNITIC. 

This  is  the  most  massive  of  the  sub-divisions  of  the  Ter- 
tiary, having  a  thickness  which  can  hardly  be  less  than  900 
feet.  It  also  presents  a  greater  variety  in  mineral  composi- 
tion, as  well  as  in  fossils,  than  the  other  divisions.  In  the 
most  general  terms,  the  Lignitic  strata  are  cross-bedded 
sands,  thin  bedded  or  laminated  sands,  laminated  clays 
and  clayey  sands,  and  beds  of  lignite,  as  well  as  liginitic 
matter  which  merely  colors  the  sands  and  clays.  With  these 
are  found  inter-bedded  at  several  horizons  strata  containing 
marine  fossils.  For  the  sake  of  greater  convenience  of  de- 
scription we  present  this  Lignitic  division  in  seven  sections, 
each  of  which  is  characterized  by  one  or  more  beds  of 
marine  fossils  included  in  it.  These  sections  are  as  follows, 
beginning  with  the  lowest  or  oldest : 

(a)  The  Midway  or  Pine  Barren  section;  Clayton  lime- 
stone.— The  thickness  of  this  section  along  the  Alabama  and 
Tombigbee  Rivers  is  perhaps  25  feet.  The  strata  are  a 
white  argillaceous  limestone  holding  a  large  fossil  of  the 
nautilus  family,  which  is  characteristic  of  the  horizon,  cal- 
careous sands  and  a  crystalline  limestone  with  turritellasy 
carditas  and  corals.    This  section  is  best  seen  in  eastern 

Wilcox  on  Pine  Barren  Creek,  and  in  adjoining  part  of 
Butler  in  the  Little  Texas  region,  but  the  upper  or  Nautilus 
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rock  occur6  at  Midway  on  the  Alabama  River  and  westward 
across  Marengo.  In  going  eastward  we  find  the  rocks  of 
this  section  increasing  in  thickness  till  on  the  Chattahoochee 
it  includes  over  two  hundred  feet'in  thickness  of  limestones 
and  other  calcareous  strata. 

\(b)  The  Black  Bluff  section. — We  find  some  difficulty  in 
determining  the  exact  thickness  of  the  strata  of  this  section, 
since  on  the  Tombigbee  the  strata  outcrop  over  a  surface 
which  would,  with  uniform  dip,  correspond  to  a  thickness  of 
over  two  hundred  feet;  while  on  the  Alabama,  and  more 
particularly  inland  in  the  eastern  part  of  Wilcox  county,  the 
thickness  is  not  greater  than  thirty-five  or  forty  feet.  Since 
80  feet  of  these  beds  are  seen  in  superposition  at  one  locality, 
(Black  Bluff)  we  think  that  the  maximum  thickness  cannot 
be  less  than  one  hundred  feet. 

The  characteristic  strata  of  nearly  the  whole  of  this  section 
are  black  or  very  dark  brown  clays,  which  are  in  part  fossil- 
iferous.  These  clays  underlie  the  Flatwoods  of  western  Ala- 
bama and  Mississippi,  but  towards  the  east  they  become 
much  more  calcareous  and  form  the  basis  of  some  fine  farm- 
ing lands  with  black  limy  soils.  This  section  has  not  been 
identified  eastward  of  Butler  county. 

(c)  The  Naheola  and  Matthews'  Landing  section. — It  is 
difficult  to  give  the  exact  thickness  of  the  strata  of  this  sec- 
tion also,  since  it  varies  on  the  two  rivers  Alabama  and 
Tombigbee,  and  thins  down  towards  the  east  and  does  not 
appear  at  all  on  the  Ghattahochee.  We  have  placed  the 
thickness  at  one  hundred  and  thirty  to  one  hundred  and  fifty 
feet ;  the  strata  are  gray  sandy  clays  in  the  main,  alterna- 
ting with  cross  bedded  sands.  The  beds  of  dark  sandy  and 
glauconitic  clays  containing  marine  fossils  lie  at  the  base  of 
the  section.  At  Naheola,  on  the  Tombigbee,  the  upper  and 
more  glauconite  part  of  the  bed  is  most  prominent,  while  at 
Matthews9  Landing,  on  the  Alabama,  the  lower  part  of  the 
bed,  dark  gray  sandy  clays  form  the  bluff. 

(d)  The  Nanafalia  and  Coal  Bluff  section. — The  strata  of 
this  section  are  200  feet  in  thickness  and  consist  of  about  50 
feet  of  gray  sandy  clays  at  top,  which  show  a  tendency  to 
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• 

indurate  into  tolerably  firm  rocks  resembling  very  closely 
some  of  the  strata  of  the  Buhrstone.  Below  this,  about 
eighty  feet  of  sandy  bed*,  often  strongly  glauconitic  charac- 
terized throughout  by  shells  of  a  small  oyster,  Gryphcea 
ihirsce.  Near  the  base  of  this  sandy  division  there  is  a  bed 
about  twenty  feet  thick  literally  packed  with  these  shells. 
Below  the  Gryphoea  thirsse  beds  follow  6ome  .seventy  feet 
of  cross-bedded  sands,  glauconitic  and  apparently  devoid  of 
fossil 8,  including  about  ten  feet  above  the  base  of  the  sec- 
tion, a  bed  of  lignite  which  varies  in  thickness  from  four  to 
seven  feet,  The  Nanafalia  section  retains  its  thickness  and 
general  character  across  the  state  to  the  Chattahoochee. 

(e)  The  Bell's  Landing  or  Tuscahoma  section. — This  is 
140  feet  in  thickness  on  the  Alabama  and  Tombigbee  rivers, 
and  this  thickness  is  retained  across  the  state  to  the  Chatta- 
hoochee. The  lithological  characters  also  are  practically 
the  same  throughout,  but  in  the  western  part  of  the  state 
the  section  includes  two  important  beds  of  marine  fossils 
and  a  third  quite  small  and  apparently  unimportant.  To- 
wards the  east  these  beds  disappear.  These  fossiliferous 
beds  are  interstratified  with  yellowish  sands  in  the  upper 
and  rather  heavy  bedded  sandy  clays  in  the  lower  part  of 
the  section.  The  upper  marine  bed,  called  the  Bell's  Land- 
ing marl,  is  about  ten  feet  in  thickness,  and  has  forty  feet 
of  sandy  strata  over  it.  The  middle  bed  is  called  the  Gregg's 
Landing  marl,  and  it  is  twenty  to  twenty-five  feet  below  the 
preceding ;  it  is  about  five  feet  in  thickness.  The  lowermost 
of  the  fossiliferous  beds  of  this  section  is  only  about  one  foot 
in  thickness  and  lies  about  fifty  feet  below  the  Gregg's 
Landing  bed.  It  is  highly  glauconitic,  but  does  not  contain 
any  great  variety  of  fossils.  The  Bell's  Landing  marl  is  dis- 
tinguished from  all  others  in  Alabama  by  the  great  size  of 
the  shells  which  it  contains.  Eastward  of  the  Alabama  river 
there  are  very  few  fossils  to  be  seen  in  the  strata  of  this 
section. 

(f)  The  Wood's  Bluff  or  Bashi  section.— This  is  80  to  85 
feet  in  thickness.  The  uppermost  30  feet  consist  of  brown 
clays  passing  into  a  greensand,  which  holds  a  great  variety 
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of  finely  preserved  marine  shells.  Below  this  greensand 
marl  are  dark  gray  sandy  clays  with  four  or  five  thin  beds  of 
lignite  within  the  first  twenty-five  fe$|t,  succeeded  by  about  30 
feet  of  cross-bedded  sands,  with  a  two  foot  seam  of  lignite  at 
the  base.  This  section  extends  entirely  across  the  state  to  the 
Chattahoochee,  where  it  is,  however,  considerably  less  in 
thickness  and  comparatively  wanting  in  well  preserved 
fossils. 

(g)  The  Hatchetigbee  section. — This  section  ie  175  feet 
in  thickness  and  is  made  up  of  sandy  clays  of  prevailing 
brown  colors  varied  with  purplish  shades,  and  containing 
three  or  four  beds  of  marine  shells  in  the  uppermost  75  feet, 
and  of  somewhat  similar  purplish  brown  clays  nearly  devoid 
of  fossils  in  the  lower  100  feet.  All  these  brown  sandy 
clays  become  much  Lighter  colored  upon  drying  and  exposure 
to  the  weather.  These  clays  extend  across'  the  state  with 
somewhat  diminished  thickness,,  till  on  the  Chattahoochee 
they  are  perhaps  not  thicker  than  50  feet  and  are  practically 
devoid  of  fossils. 

2.  THE   BUHRSTONE. 

The  minimum  thickness  of  this  formation  is  300  feet;  the 
materials  are  almost  altogether  aluminous  and  siliceous,  con- 
sisting of  aluminous  sandstones,  claystones  and  quartzitic 
sandstones,  with  occasional  thin  beds  of  glauconitic  sand. 
The  few  fossils  which  have  been  obtained  from  this  division 
are  mostly  in  the  form  of  casts.  They  do  not  appear  to  dif- 
fer specifically  from  that  of  the  overlying  division.  On  the 
Chattahoochee  the  thickness  is  less  than  200  feet  and  the 
rocks  are  much  more  calcareous  and  hold  a  greater  number 
and  greater  variety  of  fossils. 

3.  THE   CLAIBORNE. 

The  thickness  is  140  to  145  feet;  the  materials  are  sands 
and  clays,  which  are  generally  calcareous  and  often  glau- 
conitic. Near  the  top  of  the  sub-division  is  a  bed  of  glaucon- 
itic sand,  15  to  17  feet  in  thickness,  filled  with  shells  in  a 
perfect  state  of  preservation.  The  sandy  clays  forming  the 
lower  50  feet  are  likewise  filled  with  a  great  variety  of  shells 
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in  a  good  state  of  preservation.  The  intervening  calcareous 
clays  and  calcareous  sands  are  distinguished  by  the  great 
number  of  shells  of  Ostrea  seUceformis  which  they  hold,  as 
well  as  by  the  comparative  rarity  of  other  forms.  On  the 
Chattahoochee  the  thickness  is  not  greater  than  75  feet,  and 
the  bed  with  Ostrea  sellaeformis '  appears  to  be  the  only 
representative. 

4.      THE  WHITE  LIMESTONE. 

This  subdivision  is  calcareous  throughout,  but  the  lower- 
most 60  feet  are  more  argillaceous  than  the  rest.  The  mini- 
mum thickness  is  350  feet,  of  which  the  uppermost  150  feet 
consist  of  a  tolerably  pure  but  somewhat  siliceous  limestone 
filled  with  coral  masses.*  The  next  succeeding  140  feet  or 
more  are  made  up  of  a  soft  white  limestone,  often  quite  pure 
and  filled  with  Orbitoides  Mantelli.  The  lowermost  50  feet 
are  of  impure,  argillaceous  limestone,  which  in  disintegrating 
yields  a  black  calcareous  soil  similar  to  that  derived  from 
the  Rotten  Limestone  of  the  Cretaceous.  This  lower  portion 
of  the  White  Limestone  surpasses  the  others  in  the  variety 
of  its  fossil  contents.  On  the  Chattahoochee  the  rocks  are 
more  uniform  in  composition  and  are  about  275  feet  in 
thickness. 

Phosphates  of  the  Tertiary  Formation. 

In  the  summer  of  1884  Mr.  D.  W.  Langdon.  Jr.,  of  the 
State  Geological  Survey,  discovered  at  St.  Stephens,  and 
subsequently  at  several  other  localities,  representing  differ- 
ent geological  horizons,  phosphatic  marls  and  nodules. 
Since  that  time  other  examinations  have  disclosed  the  fact 
that  phosphatic  material  exists  in  at  least  four  different  geo- 
logical horizons,  viz :  In  the  Black  Bluff  and  Nanafalia 
groups  of  the  Lignitic ;  in  the  White  Limestone ;  and  in  east- 
ern Alabama,  at  Ozark,  in  the  strata  of  the  Claiborne  group. 

1.  Black  Bluff  Group. — In  the  eastern  part  of  Wilcox 
county  the  prairie  clays  derived  from  the  disintegration  of 
this  group  are  highly  fertile,  and  though  no  analysis  of  any 


\ 


•This  upper  part  appears  to  be  entirely  local  and  has  not  been  seen 
except  in  Clark  county,  below  Jackson.  Leaving  this  out  of  account,  the 
thickness  of  the  white  limestone  is  some  200  to  300  feet. 
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of  these  soils  has  yet  been  made,  it  is  probable  that  they  are 
exceptionally  strong  in  phosphoric  acid,  for  they  are  in 
places  filled  with  irregularly  shaped  concretions  or  ooprolite* 
which  are  chiefly  phosphate  of  lime.  One  of  these  speci- 
mens analyzed  by  me,  from  the  mouth  of  Bonner's  Lane, 
contains  27.632  per  cent  of  phosphoric  acid,  equivalent  to 
60.238  of  bone  phosphate.  Analyses  No.  167  (page  55).  Im- 
mediately above  the  clays  here  alluded  to  are  several  sandy 
beds,  which,  in  part,  are  pretty  firm  sandstones.  One  of 
these  sa nd stone  beds  is  more  persistent  than  the  others,  and 
appears  along  the  hillsides,  near  Allenton  and  elsewhere  in 
eastern  Wilcox,  in  little  cliffs  which  look  like  low  walls. 
This  rock  has  in  places  a  large  number  of  phosphatic  con- 
cretions, very  like  those  above  described  as  occurring  in  the 
clays  below.  I  have  made  two  analyses  of  this  rock,  the  one 
from  the  "Grave  Yard  Hill,"  a  few  miles  west  of  Allenton 
on  the  upper  Camden  road,  and  the  other  from  the  mouth 
of  Bonner's  Lane.  Both  are  hard,  yellowish,  sandy  lime- 
stones, that  from  the  first  locality  being  pretty  free  from  the 
phosphatic  nodules,  that  from  the  other  containing  a  notable 
quantity  of  them.  The  rock  from  the  Grave  Yard  Hill  had 
0.3  per  cent,  of  phosphoric  acid  only,  while  that  from  Bon- 
ner's Lane  contained  3.71  per  cent.  Analyses  No.  168, 169, 
(page  55). 

This  formation  runs  eastward  into  Butler,  where,  however, 
it  has  not  as  yet  been  examined. 

2.  The  Nanafalia  Group. — The  important  bed  in  this  di- 
vision of  the  Lignitic  is  a  deposit  of  shells  of  a  small  oyster, 
called  Oryphosa  thirsce.  While  this  shell  is  found  generally 
distributed  through  sixty  feet  or  more  of  the  strata,  there  are 
in  most  localities  of  its  occurrence  beds  from  15  to  20  feet  in 
thickness,  consisting  of  an  almost  solid  mass  of  these  shells 
packed  in  greensand.  At  intervals  in  these  beds  there  are 
bands  much  harder  than  the  rest  of  the  beds,  and  these 
hardened  bands  appear  to  be  generally  pretty  strongly  phos- 
phatic. Mr.  Langdon  analyzed  a  specimen  from  Nanafalia 
of  one  of  these  [hard  ledges  and  found  6.701  per  cent  of 
phosphoric  acid  in  it.     Analyses  No.  170,  (page  55). 
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The  softer  parts  of  this  marl,  as  well  as  of  the  other  marls 
which  characterize  the  Lignitic  division  of  the  Tertiary,  ap- 
pear, as  a  rule,  to  have  a  very  inconsiderable  percentage  of 
phosphoric  acid.  Several  of  them,  hotfever,  would  make 
good  fertilizers  because  of  the  large  amount  of  pulverulent 
carbonate  of  lime  which  they  hold ;  especially  is  this  the  case 
with  the  Nanafalia  and  Wood's  Bluff  marls. 

3.  The  Claiborne. — In  the  eastern  part  of  the  state  the 
Claiborne  division  of  the  Tertiary  includes  in  places  a  bed  of 
shell  marl,  which  holds  a  very  considerable  percentage  of 
phosphate  of  lime.  This  bed  is  best  seen  in  the  cut  made 
by  the  Midland  railroad,  a  short  distance  from  Ozark  in 
Dale  county,  where  this  road  passes  under  the  Savannah  & 
Western  K.  R.  (Georgia  Central).  This  bed  about  five  feet 
in  thickness  contains  also  a  large  amount  of  carbonate  of 
lime,  and  would  unquestionably  benefit  the  soils  about  Ozark 
if  spread  liberally  upon  them. 

The  section  exposed  here  is  as  follows : 

(1)  Gray  surface  sands 3  to  4  feet* 

(2)  Red  clayloam 6  to  8  " 

(3)  Light  colored  laminated  clay 5  u 

(4)  Dark  bluish  pyritous  sands 5  " 

(5)  Black  or  dark  gray  joint  clay 3  " 

(6)  Greensand  marl  filled  with  shells,  which 

are  mostly  of  one  species,  a  cytherea 

This  bed  is  phosphatic 5   " 

(7)  Black  sandy  clay  to  bottom  of  the  cut 4  " 

The  bed  No.  6  is  the  one  referred  to,  and  though  it  has- 
been  seen  by  me  only  at  this  place,  there  is  no  doubt  that 
it  underlies  a  large  area  and  will  be  found  outcropping  along 
the  ravines  about  Ozark. 

4.  The  White  Limestone. — In  the  lower  beds  of  this  forma- 
tion at  St.  Stephens,  Mr.  Langdon  first  saw  the  phosphatic 
marl.  It  occupies  the  lower  fifty  or  sixty  feet  of  the  division^ 
corresponding  to  the  Jackson  formation  of  Hilgard  and  other 
writers.  In  this  limestone  there  are  phosphatic  marls,  as 
well  as  nodular  masses  of  phosphate  of  lime.  Where  the 
disintegrated  marl  forms  the  surface,  a  very  productive  and 


54  GEOLOGICAL   SURVEY   OF  ALABAMA. 

lasting  soil  is  the  result.  The  fertility  of  the  soils  of  the 
"Lime  Hills"  of  Clarke,  Washington  and  Choctaw  counties 
is  well  known,  and  the  same  class  of  soils  is  found  in  the 
prairies  of  western  Mississippi,  which  join  the  lime  hill  re- 
gions of  Washington  and  Choctaw.  In  this  state  the  topog- 
raphy of  the  region  is  rather  broken,  so  that  the  soil  washes 
badly. 

The  marl  first  analyzed  from  St.  Stephens  contains  1.14 
per  cent,  of  phosphoric  acid,  and  a  nodular  mass  from  the 
same  locality  contains  22.68  per  cent.,  or  about  as  much  as 
the  average  nodules  of  the  Cretaceous  formation.  Nos.  171 
and  172,  (page  55). 

A  cream  colored  calcareous  rock  from  near  Coffeeville,  of 
presumably  the  same  horizon,  contains  2.743  per  cent. 
No.  173,  (page  55). 

In  many  places  in  Clarke  county,  where  the  lower  part  of 

the  White  Limestone  forms  the  surface,  these  nodules  are 

common.  One  has  been  analyzed  from  near  Grove  Hill,  having 
19.48  per  cent,  of  phosphoric  acid.  No.  174 (page  55.)  I  have, 
however,  nowhere  seen  them  in  sufficient  quantity  to  make 
them  of  any  importance.  The  marl,  on  the  other  hand, 
might  be  very  advantageously  used  where  it  is  convenient 
to  the  fields  upon  which  it  could  be  spread  without  too 
great  cost. 

The  upper  pait  of  the  White  Limestone  6eems  to  be  com- 
paratively barren  of  phosphatic  materials.  The  average  of 
a  good  many  analyses  made  of  this  rock  shows  no  more  than 
about  0.1  per  cent,  of  phosphoric  acid. 

So  far  as  examined  up  to  this  time,  none  of  the  Tertiary 
materials  of  Alabama  are  very  promising  for  phosphates. 
Florida,  on  the  other  hand,  abounds  in  phosphatic  limestone 
and  marl,  but  they  are,  in  all  probability,  in  every  case,  of 
Miocene  age,  later  than  the  Tertiary  of  Alabama.  Exami- 
nations made  of  the  Eocene  limestone  of  Florida  (of  same 
age  as  the  Alabama  rock)  likewise  show  very  little  of  phos- 
phoric acid. 

None  of  the  materials  from  the  Claiborne  and  Buhrstone 
divisions,  except  the  shell  bed  at  Ozark,  Dale  county,  above 
mentioned,  have  as  yet  shown  any  notable  amount  of  phos- 
phate. 

The  following  table  will  show  the  composition  of  the 
phosphatic  materials  from  the  Tertiary  formation : 
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PROBABLE  ORIGIN  OP  PHOSPHATES. 

The  phosphates  above  described,  especially  those  of  the 
Cretaceous  formation,  in  their  geological  position,  mode  of 
occurrence,  and  in  the  character  of  the  material,  resemble 
the  phosphates  of  Cambridgeshire,  England.  These  are 
found  at  several  horizons  in  the  formations  immediately  un- 
derlying the  Chalk,  viz  :  the  Upper  Greensand,  the  Gault, 
and  the  Neocomian,  or  Lower  Greensand ;  the  phosphate  or 
"coprolite"  beds  appear  always  to  mark  horizons  of  uncon- 
formity, i.  e.,  they  seem  to  have  been  deposited  upon  the 
eroded  surfaces  of  previously  existing  strata ;  they  consist 
of  casts  of  shells,  bones,  etc.,  mineralized  by  phosphate,  and 
of  shapeless  masses  of  phosphate  of  lime;  they  are  irregu- 
larly distributed  through  the  matrix  along  with  pebbles  and 
other  rolled  masses ;  and  many  of  the  phosphatized  casts  are 
of  fossils  which  belong  to  earlier  formations  than  those  of 
which  they  now  form  a  part.  (See  T.  G.  Bonney,  Cam- 
bridgeshire Geology,  and  W.  Keeping ;  the  Fossils  of  Up- 
ware,  etc.) 

So  our  Alabama  phosphates  of  the  Cretaceous  formation 
occur  at  several  horizons,  and  they  occur  at  planes  of  uncon- 
formity. This  is  particularly  noticeable  in  the  case  of  the 
phosphates  at  the  base  of  the  Rotten  Limestone.  In  western 
Alabama,  along  the  Tombigbee  River,  from  800  to  1000  feet 
of  Lower  Cretaceous  beds  underlie  the  Rotten  Limestone, 
the  northern  outcrop  of  which  is  at  least  thirty  miles  from 
the  Coal  Measures  at  Tuscaloosa,  while  eastward  these  un- 
derlying beds  seem  to  thin  out  so  that  at  Wetumpka  the 
phosphate  bearing  beds  almost  lap  over  upon  the  MetamOr- 
phic  rocks. 

The  fossil  casts  are  worn  into  most  irregular  shapes,  and 
are  associated  with  the  bones  of  saurians  and  the  teeth  of 
sharks.  These  phosphates  are  mingled  with  rolled  or  water- 
worn  fragments  of  other  rocks ;  especially  is  this  the  case  in 
the  southern  phosphate  belt.  At  Fort  Deposit,  or  just  south 
of  it,  is  a  ridge  which  owes  its  existence  to  the  hard  crystal- 
line limestone  of  the  Ripley  group ;  the  foot  of  this,  and  the 
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plain  north  of  it  for  several  miles,  are  strewn  with  rounded 
and  water- worn  fragments  of  this  siliceous  limestone. 

The  specimen  from*  Fort  Deposit,  of  which  an  analysis  is 
given  above,  was  one  of  these  rounded  and  water-worn 
fragments. 

The  same  thing  may  be  noticed  at  Strata,  and  probably  at 
very  many  other  similar  localities.  Speaking  of  the  Chun- 
nenuggeo  Ridge  at  Union  Springs,  Prof.  Toumey  says :  "The 
north  side  of  the  ridge  presents  the  appearance  of  an  ancient 
sea-beach,  waterworn,  detached  masses  of  limestone  and  cal- 
careous sandstone,  imbedded  in  sand,  and  presenting  the  ap- 
pearance of  having  <been  washed  for  ages  by  the  ocean 
waves."     (2d  Report  on  the  Geology  of  Alabama,  p.  136.) 

It  is  thus  seen  that  in  all  these  respects  the  Alabama  Cre- 
taceous phosphate  beds  resemble  those  of  England,  and  it  is 
quite  probable  that  many  of  the  phosphatic  shell  casts  are 
"derived"  fossils,  that  is,  they  have  been  washed  out  of  the 
beds  of  which  they  originally  formed  a  part,  and  redeposited 
in  the  beds  where  they  are  now  found.  To  decide  this  ques- 
tion, a  thorough  study  of  our  Cretaceous  fossils  will  be 
needed. 

In  South  Carolina  a  very  similar  state  of  things  exists, 
only  the  main  phosphate  beds  are  of  Tertiary,  or  later,  in- 
stead of  Cretaceous  age. 

The  explanation  of  the  origin  and  mode  of  formation  of 
the  phosphatic  deposits  now  most  generally  accepted,  is  that 
originally  presented  by  Prof.  Holmes,  of  Charleston,  which 
is  thus  well  summarized  by  Dr.  U.  C.  Shepard,  Jr.:  "Accu- 
mulations of  decomposed  animal,'  detritus  and  exuviae  were 
acted  upon  by  carbonic  acid  water,  which  dissolved  out  the 
phosphates  and  transported  them  into  calcareous  earth, 
where  they  were  precipitated  and  fixed  by  carbonate  of  lime. 

This  process  was  continued  till  the  carbonate  of  lime  was 
transformed  into  a  rich  phosphate  of  lime.  The  mass,  origi- 
nally soft  and  loose,  hardened  gradually,  but  under  the  wear 
and  roll  of  water  it  was  broken  up  and  rounded  into  the 
phosphatic  pebbles  now  found." 
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Prof.  T.  G.  Bonney,  (Geology  of  Cambridgeshire,)  has  given 
the  following  account  of  the  process :  "  With  regard  to  the 
mode  of  formation  of  these  phosphatic  casts,  nodules,  etc., 
we  have  to  consider  not  only  the  probable  source  of  the 
phosphate,  but  also  the  mode  in  which  it  has  been  concen- 
trated into  these  "  coprolites."  Phosphate  of  lime  in  the 
form  of  the  mineral  Apatite  is  present  in  granite,  gneiss, 

slate,  talc,  and  chlorite  schists,  and  several  kinds  of  lava 

It  is  also  present  in  the  waters  of  numerous  mineral  springs. 
....  It  has  been  detected  in  the  waters  of  several  rivers,  and  is 
probably  present  in  all,  as  well  as  in  the  sea,  though  of 
course  in  small  quantities.  Againf  phosphates  (chiefly 
liiqe)  are  present  in  marine  and  other  plants.  In  short,  the 
various  investigations  that  have  been  made  show  that  it  is 
almost  universally  present  in  organic  and  not  un frequently 
in  inorganic  bodies." 

"  Next,  it  has  been  shown  by  numerous  experiments  that 
phosphate  of  lime  is  soluble  in  carbonated  water,  and  fur- 
ther, that  phosphate  of  lime  present  in  an  organism,  (plant 
or  animal)  is  much  more  soluble  than  that  in  a  mineral." 

"  Again,  phosphate  of  lime  dissolved  in  carbonated  water 
is  precipitated  by  ammonia,  which  is  a  result  of  decomposi- 
tion of  organic  bodies."  "  It  appears,  then,  to  me,  that  the 
best  explanation  of  these  phosphatic  nodules  is  to  consider 
them  formed  by  what,  for  want  of  a  better  name,  we  may 
call  concretionary  action.  The  excreta,  softer  tissues,  and 
smaller  bones  of  the  Yertebrata,  the  bodies  of  numerous  In- 
vertebrata,  many  of  which  have  left  no  other  trace  behind, 
the  various  marine  plants  which  probably  would  flourish 
abundantly  in  a  shallow  sea,  to  say  nothing  of  any  apatite 
which  might  be  present  in  the  detritus  wherein  they  were 
entombed,  woulci  furnish  a  considerable  supply  of  phos- 
phates ;  in  fact,  cceteris  paribus,  a  shallow  sea  appears  to  me 
more  likely  to  be  rich  in  phosphates  than  a  deep  one.  The 
phosphates  of  the  more  perishable  parts  of  the  above  named 
organisms  would  be  dissolved  in  the  water  permeating  the 
mud  of  the  sea  bottom,  which  would  also  be  supplied  with 
carbonic  acid  from  decomposition,  and  so  the  mud  be  satu- 
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rated  with  a  weak  solution  of  phosphate  of  lime.  Now,  if  ^t 
a  certain  point  in  the  mud  there  were  an  excess  of  phos- 
phate of  lime,  and  especially  if  ammonia  were  being  evolved 
at  that  point,  the  phosphate  in  the  neighboring  solution 
might  be  precipitated  ;  and  probably  (for  it  seems  to  have 
often  'happened  with  other  minerals)  all  the  phosphates  of 
the  surrounding  mass  would  be  precipitated  about  the  nu- 
cleus. I  regard,  then,  these  nodules  as  the  result  of  a  pro- 
cess which  .took  place  during  a  part  of  the  Gault  period,  and 
was  continued  during  the  Greensand  epoch ;  which  began 
shortly  after  the  death  of  the  organism,  and  lasted  for  a  long 
time ;  and  I  explain  their  abundance,  as  I  have  already 
said,  by  considering  the  seam  as  the  riddlings  of  a  consid- 
erable deposit.  It  is  note-worthy  how  often  a  bed  of  phos- 
phate nodules  comes  just  above  a  more  or  less  marked  strati- 
graphical  break.  It  appears  to  me,  therefore,  that  the  pro- 
cess of  formation  of  these  nodules  is very  analogous  to 

that  of  flint ;  both,  in  many  cases,  proceeded  from  the 
mineralization  of  sponges." 

"  It  may  not  unfairly  be  asked,  why,  seeing  that  weak 
solutions  of  phosphate  of  lime  must  be  almost  always  pres- 
ent in  sea-water,  are  not  phosphate  nodules  generally  pres- 
ent in  rocks.  The  answer  to  this  is  that  phosphate  nodules 
are  far  from  rare,  and  that  the  difficulty  is  exactly  of  the 
same  kind  as  exists  in  the  formation  of  flint." 

u  It  may  be  that  local  circumstances,  as  indicated  above, 
have  been  favorable  to  slightly  concentrating  the  phosphatic 
element  in  the  sea- water ;  but  without  availing  ourselves  of 
this  possibility  we  may  fairly  answer  that  the  process  of  de- 
position from  weak  solutions,  one  of  which  we  are  very  igno- 
rant, is  probably  a  complex  process  which  requires  several 
independent  conditions  to  be  fulfiled,  so  that  it  is  but  rarely 
that  all  are  satisfied." 

I  have  spoken  above  of  the  circumstances  that  casts  of 
fossils  are  generally  phosphatized,  while  those  fossils,  espe- 
cially those  of  the  oyster  family,  which  retain  their  original 
shells^  show  scarcely  a  trace  of  phosphoric  acid. 

The  purer  limestones  also,  (i.  e.  those  containing  least 
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•clayey  matters,)  are  usually  very  slightly,  if  at  all,  phos- 
phatic.  This  circumstance  is  accounted  for  by  Mr.  Keeping, 
(Fossils  of  Upware)  on  the  supposition  that  the  purer 
carbonate  of  lime  was  uncongenial  to  the  phosphate  matter 
which  was  taken  up  more  readily  by  the  more  argillaceous 
mud,  which  formed  the  impure  limestones  and  which  filled 
the  cavities  of  the  shells  and  produced  the  casts  and  moulds 
of  which  we  have  spoken. 

The  lesson  to  be  learned  from  a  careful  study  Of  the  mode 
of  occurrence  of  our  phosphates,  and  of  the  conditions  under 
which  they  have  probably  been  accumulated,  are  obvious. 
We  see  that  the  formation  of  phosphatic  deposits  is  not  con- 
fined to  any  one  geological  period,  but  will  follow  whenever 
certain  conditions,  (some  of  which  have  been  given  above) 
are  fulfilled.  The  association  .  of  phosphatic  deposits  with 
breaks  or  interruptions  in  the  conformability  of  the  strata, 
and  the  connection  between  the  two,  are  also  not  without 
their  practical  bearings. 


CALCAREOUS   MARLS    (NOT   PHOSPHATIC)   OF   THE   CRETACEOUS 

AND   TERTIARY   FORMATIONS. 

9 

For  the  sake  of  completeness  we  append  here  a  short  no- 
tice of  certain  calcareous  marls,  which  have  no  unusually 
high  percentage  of  phosphoric  acid,  but  which  can  be  ad- 
vantageously used  in  agriculture  where  they  are  easily  ac- 
cessible. 

Cretaceous  marls. — In  the  upper  part  of  the  Eutaw  forma- 
tion, throughout  the  Rotten  Limestone,  and  in  the  overlying 
Ripley,  there  are  beds  of  calcareous  matters  which  may  be 
profitably  used  upon  the  fields  where  the  cost  of  applying 
them  is  not  too  great.  Most  of  these  marls  have  been 
spoken  of  in  connection  with  the  phosphatic  marls  with  which 
they  are  commonly  associated,  and  there  appears  to  be  little 
need  of  adding  to  what  has  already  been  said. 
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Tertiary  marls. — The  principal  horizon  at  which  these 
materials'occur  are 

(a).  In  the  Nanafalia  section  of  the  Lignitic,  already 
mentioned  in  connection  with  the  phosphatic  marl.  This 
marl  bed  appear  in  the  bluffs  of  the  Tombigbee  river  at 
Nanafalia  Landing  in  Marengo  and  thence  for  several  miles 
down  to  Gay's  Landing;  on  the  Alabama  it  appears  at 
Black's  and  Gullette's  Bluffs  and  a  short  way  up  the  river 
from  the  latter  place.  Between  the  two  rivers  this  bed 
crosses  Marengo  and  Wilcox  counties  and  thence  it  may  be 
followed  eastward  to  the  Chattahoochee  river  at  Fort  Gaines. 
This  bed  is  prevalently  a  sandy  bed  with  much  green  sand, 
loose  shells,  and  occasional  ledges  with  an  excess  of  phos- 
phate. It  crops  out  at  the  foot  of  the  Grampian  Hills  in 
many  places.  It  is  one  of  the  most  widely  distributed  and 
uniform  of  the  marls  beds  of  the  state. 

An  analysis  has  been  given  (p.  55,  No.  170),  of  a  phos- 
phatic ledge  of  this  marl  bed  at  Nanafalia,  and  I  append 
here  another  analysis  showing  the  general  character  of  the 
tormation.  No.  1 75  (p.64)was  taken  from  the  Nanafalia  Bluff. 
Wherever  this  marl  occurs«its  presence  is  easily  recognized 
by  the  vigorous  growth  of  the  shrubs  and  herbs.  Its  fertil- 
izing action  is  everywhere  naturally  demonstrated. 

(b)  The  Wood's  Bluff  or  Bashi  marl  has  been  mentioned 
incidentally  above.  This  marl  occurs  in  its  typical  exposure 
at  Wood's  Bluff  on  the  Tombigbee  river.  It  is  seen  at  the 
base  of  the  Buhrstone  hills  in  Ghoctaw  county,  in  the  town 
of  Butler,  near  Pushmataha  and  in  other  places.  Between 
the  rivers  it  is  seen  along  Bashi  creek,  near  Choctaw  Corner, 
below  Lower  Peach  Tree,  and  at  the  Alabama  river  at  John- 
son's Island.  Across  the  Alabama  it  appears  in  the  lime 
lands  below  Bell's  landing,  along  the  lower  prong  of  Flat 
creek,  whose  soils  are  by  it  made  exceptionally  fertile,  thence 
into  Butler  by  Sepulga,  and  Georgiana,  across  the  lower  end 
oY  Crenshaw  into  Coffee,  appearing  at  Kimmey's  Mill  below 
Elba.  Thence  it  may  be  followed  to  the  Chattahoochee 
river,  which  it  reaches  about  Zornville.  But  east  of  Coffee 
county,  superficial  sands  cover  the  older  rocks  to  such  an 
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extent  that  tbeir  only  exposures  are  to  be  seen  in  the  ravines 
and  in  the  banks  of  creeks,  etc.  This  marl,  like  the  preced- 
ing, contains  a  large  percentage  of  greensand,  as  well  as  of 
decomposed  shells,  which  furnish  carbonate  of  lime  in  very 
available  form,  almost  pulvurent.  There  is  no  simple  marl 
in  the  state  that  is  in  better  condition  for  use  upon  the  fields 
than  the  Wood's  Bluff  marl. 

Many  years  ago  Prof.  Toumey  induced  Mr.  Kilpatrick,  at 
Wood's  Bluff,  to  use  this  marl  upon  his  garden,  and  his  sons 
have  told  me  that  the  effects  of  its  use  were  plainly  discerni- 
ble for  iriany  years.  One  need,  however,  only  notice  the 
vegetation  along  the  line  of  outcrop  of  this  marl  bed  to  be 
assured  that  it  is  a  good  fertilizer.  The  lime  hills  just  be- 
low Bell's  Landing,  and  the  lowlands  of  Flat  creek  in  Mon- 
roe, may  be  cited  in  confirmation  of  this  statement.  I  give 
on  page  64  two  analyses  of  this  marl,  No.  176,  taken  from  near 
Butler,  in  Choctaw  county ;  the  other,  No.  177,  from  "the 
caves"  near  Choctaw  Corner  in  Clarke  county.  At  this  last 
named  place,  as  well  as  at  Wood's  Bluff,  the  marl  is  most 
conveniently  situated  for  digging,  and  there  is  no  reason 
why  it  should  not  be  extensively  used. 

(c)  In  the  Claiborne  section  there  is  no  lack  of  good 
shell  marls. 

At  the  Claiborne  Bluff  itself  the  main  shell  bed  of  17  feet 
in  thickness  was  originally  a  greensand  bed,  but  where  this 
bed  lies  exposed  to  the  weather  it  becomes  oxidized  and  as- 
sumes a  red  or  yellowish  color.  This  bed,  though  packed 
with  shells,  has  the  interstices  filled  in  with  sand,  and  thus 
the  percentage  of  silica  runs  up  pretty  high.  Its  value  as  a 
fertilizer  depends  solely  upon  the  carbonate  of  lime  of  the 
shells,  which  is  usually  in  not  so  available  condition  as  in 
the  case  of  the  Woods  Bluff  marl.  Analysis  No.  178  shows 
the  composition  of  this  bed  at  Claiborne.  Below  this  stratum 
follow  many  feet  of  calcareous  beds,  some  of  which  contain 
large  amounts  of  lime  and  are  suitable  for  use  as  marls. 
No.  179  shows  the  character  of  these  beds  at  the  Claiborne 
Bluff,  and  No.  180  their  characters  at  the  Ooffeeville  Land- 
ing on  the  Tombigbee.     (Analysis  on  page  64.) 
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Where  this  bed  outcrops  in  the  piney  woods  of  Clarke  and 
Choctaw,  it  causes  the  formation  of  what  are  locally  called 
"piney  woods  prairies,"  i.  e.,  limy  fertile  spots  in  the  piney 
woods,  a  testimonial  to  the  fertilizing  qualities  of  the  marl. 
At  no  place  is  this  marl  more  easy  of  access  than  at  the  Cof- 
feeville  Landing. 

(d)  The  White  Limestone,  as  its  name  implies,  is  a  cal- 
careous formation.  The  lower  part  of  this  formation  has 
generally  the  composition  of  an  indurated  marl  similar  to 
the  Rotten  Limestone  of  the  Cretaceous.  In  its  disintegra- 
tion it  yields  a  soil  similar  to  that  of  the  latter.  These  soils 
characterize  the  Lime  Hills  of  Clarke,  Washington,  Choc- 
taw, Monroe,  etc.  No.  181  shows  the  composition  of  this 
rock  as  it  occurs  in  the  upper  part  of  the  Claiborne  bluff  in 
Monroe  county. 

The  upper  part  of  the  White  Limestone  formation  con- 
tains ^  larg^  amount  of  a  soft  chalky  limestone  that  could 

~Ay  be  pulverized  and  rendered  fit  for  application  to  the 
fields  which  it  would  undoubtedly,  in  almost  every  case, 
greatly  benefit.  This  formation  crosses  the  entire  state  and 
underlies  the  whole  peninsula  of  Florida.  It  is  easily  dug 
up  and  cut  when  fresh,  and  for  this  reason  is  much  used  in 
the  construction  of  chimneys,  underpinning  for  houses,  etc. 
Its  composition  is  fairly  well  shown  in  analysis  No.  182 
(page  64),  of  a  specimen  taken  in  Clarke  county  a  short 
distance  north  of  Jackson. 
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ECONOMIC  RELATIONS  OP  THE  PHOSPHATES. 

1.  General  statement  of  the  quality  of  the  Alabama  mate- 
rials, their  quantity,  and  recommendations  as  to  mode 
of  application. 

The  commercial  or  agricultural  value  of  the  numer- 
ous varieties  of  marls  existing  in  Alabama  depends,  1st, 
upon  their  content  of  phosphoric  acid,  lime  or  potash;  in 
other  words,  upon  their  fertilizing  power ;  and  2d,  upon  their 
abundance  and  the  cost  of  application  to  the  soil ;  i.  e.,  upon 
their  availability. 

The  analyses  already  given  will  show  the  composition  of 
many  of  our  phosphatic  marls,  greensands,  etc.,  as  well  as 
of  the  most  important  non-phosphatic  calcareous  marls. 

From  these  analyses  it  will  "be  seen  that  there  are  three 
grades  of  phosphatic  materials  found  in  the  state,  viz: 
1st,  Phosphatic  nodules  and  phosphatized  shell  Jasts,  con- 
taining from  20  to  30  per  cent,  of  phosphoric  acid,  and  there- 
fore to  be  compared  with  the  high  grade  phosphates  of  South 
Carolina.  2d,  Phosphatic  greensands,  with  very  little  car- 
bonate of  lime,  averaging  perhaps  4.5  per  cent,  of  phosphoric 
acid,  and  with  these  might  perhaps  be  classed  the  phos- 
phatic siliceous  limestone  or  calcareous  sandstones  which 
occur  across  the  state  in  the  latitude  of  Livingston,  Prairie 
BluiF,  Minter  Station,  etc.  3d,  The  greensands  containing 
only  about  1.5  to  2  per  cent,  of  phosphoric  acid,  but  on  the 
other  hand,  from  15  to  20  per  cent  of  carbonate  of  lime  in  a 
loose  pulverulent  form. 

We  can  probably  best  arrive  at  a  conclusion  as  to  the  pos- 
sible future  value  of  these  several  grades  of  phosphates  by 
considering  each  in  turn. 

a.  The  Nodules  and  other  High  Grade  Materials. — Thse 
are  too  hard  and  insoluble  to  be  used,  except  for  the  manu- 
factures of  superphosphate,  unless  ground  to  fine  powder 
— ''floats."  They  are  equal  to  the  Charleston  phosphates  in 
their  percentage  of  phosphoric  acid  and  in  the  absence  of 
any  large  percentage  of  iron  and  alumina. 
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The  experiments  of  Prof.  Stubbs,  made  upon  a  number  of 
samples  of  these  nodules,  and  described  in  the  Bulletin  No. 
5,  of  the  State  Agricultural  Department,  have  shown  that 
acid  phosphates  of  good  grade  can  be  made  out  of  the  nodules, 
so  that  the  only  question  of  importance  relates  to  their 
abundance. 

In  the  vicinity  of  Hamburg  and  at  some  other  localities 
these  nodules  lie  loose  upon  the  surface  in  large  quantity, 
and  probably  represent  the  debris  from  the  wearing  away  of 
the  containing  rocks  during  many  ages,  for  in  the  matrix  or 
containing  rock  of  these  nodules  at  Hamburg,  the  nodules 
were  not  found  in  place  in  sufficient  quantity  to  be  of  im- 
portance. Similarly  with  regard  to  the  phosphatized  shell 
casts  from  this  loweftnost  of  the  phosphate  beds ;  they  do  not 
appear  to  be  abundant  enough  to  supply  a  manufactory  of 
acid  phosphate. 

Again,  just  above  the  Rotten  Limestone,  we  find  similar 
shell  casts  which  have  the  composition  of  the  phosphatic 
nodules,  and  which,  if  abundant  enough,  could  be  used  in 
the  manufacture  of  superphosphate. 

Lastly,  in  the  uppermost  beds  of  the  Cretaceous  forma- 
tion, interstratified  with  yellow  and  gray  sands,  we  find  in 
the  northern  part  of  Marengo  and  Wilcox  counties,  very  con- 
siderable beds  compactly  filled  with  these  phosphatic  casts, 
an  average  of  which  shows  over  20  per  cent  of  phosphoric 
acid.  These  casts  are  much  softer  and  more  easily  reduced 
to  powder  than  those  occuring  at  lower  horizons  in  the  Cre- 
taceous formation,  they  could  be  used  in  the  manufacture  of 
acid  phosphate,  and  they  appear,  so  far  as  examinations 
have  gone,  to  be  in  sufficient  quantity.  At  a  few  localities 
certainly,  they  make  almost  compact  beds  several  feet  in 
thickness,  and  a  further  investigation  is  much  to  be  desired, 
and  promises  well. 

b.  The  Gree7isands. — Under  this  head  we  shall  consider 
both  classes  of  greensand,  viz :  Those  with  very  little  car- 
bonate of  lime,  and  those  containing  15  to  20  per  cent,  and 
above  of  it. 
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Among  the  strata  which  immediately  underlie  the  Rotten 
Limestone,  and  which  crop  out  across  the  state  in  the  belt 
which  includes  Eataw,  Hamburg,  Wetumpka,  etc.,  there  is 
the  highly  phosphatic  greensand  already  described  in  detail, 
and  exhibited  by  many  analyses.    This  bed  is  perhaps  on  an 
average,  five  feet  in  thickness,  and  certainly  in  the  counties 
of  Perry,  Dallas  and  Autauga,  and  probably  in  the  others 
also,  is  rich  enough  in  phosphoric  acid  to  be  advantageously 
used  upon  the  soil.     It  may  be  used  alone,  or  better  with 
vegetable  matter  of  some  sort.     Prof.  Stubbs,  in  the  Bulletin 
above  referred  to,  gives  the  following  recommendations: 
"These  sands  can  be  used  in  large  quantities  without  fear  of 
injury,  but  it  is  best  always  that  ihey  be  applied  either  upon 
soils  rich  in  humus,  or  in  connection  with  vegetable  matter. 
Composted  with  stable   manure   and  cotton  seed,  and  the 
mixture  covered  with  a  thin  layer  of  gypsum  or  thick  layer 
of  rich  earth  and  permitted  to  remain  for  several  months,  is 
perhaps  the  best  way  to  utilize  them.     In  making  such  com- 
post, large  quantities  of  greensand  must  be  used.     I  would 
recommend  the  following  proportions : 

100  bushels  stable  manure, 

100  bushels  cotton  seed, 

100  bushels  greensand, 
put  up  in  the  way  and  manner  described  for  making  com* 
posts  in  a  former  bulletin.  This  compost  should  remain  up 
much  longer  than  one  prepared  with  acid  phosphate — in 
fact,  the  longer  the  better — even  twelve  months  would  not 
be  too  long,  provided  the  compost  had  been  properly  made, 
and  under  shelter." 

These  recommendations  would  apply  also  to  the  calcare- 
ous greensands  which  occur  just  above  the  Rotten  Lime- 
stone and  which  contain  a  smaller  percentage  of  phosphoric 
acid,  but  a  much  larger  percentage  of  lime.  These  last 
named  marls  have  been  actually  tested  in  the  field  and  the 
results  yielded  have  been  of  such  a  nature  as  to  encourage 
the  experimenter  to  continue  the  use  of  them  on  a  much 
larger  scale 
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This  upper  bed  has  an  average  thickness  of  three  feet,  and 
it  is  known  to  extend  from  Coatopa  in  Sumter  county,  past 
Snow  Hill  in  Wilcox,  to  near  Bragg's  Store  in  Lowndes, 
having  essentially  similar  composition  throughout  this  dis- 
tance. 

In  regard  to  quantity  therefore^  these  two  beds  are  suffi- 
ciently large  to  be  profitably  worked. 

#.     Comparison   in  Detail  of  the  New    Jersey  phosphatide 

Marls,  with  those  of  Alabama. 

We  have  said  above  that  the  Green6ands  of  Alabama 
have  essentially  the  same  composition  as  those  of  New 
Jersey,  which  are  so  highly  prized  and  universally 
used  in  that  state,  and  our  assertion  was  based  upon 
a  comparison  of  the  published  analyses  of  the  New 
Jersey  marls  with  those  recently  made  from  Alabama  ma- 
terials. Not  to  go  too  much  into  details,  I  have  here  taken 
the  mean  of  a  great  number  of  analyses  of  the  Alabama 
greensands,  and  placed  them  in  comparison  with  the  aver- 
age from  analyses  of  the  New  Jersey  marls.  And  since  the 
experience  of  farmers  has  shown  that  the  marls  are  valua- 
ble first  of  all,  in  propoition  to  the  percentage  of  phosphoric 
acid  which  they  contain,  I  have  made  the  comparison  on  the 
basis  of  this  ingredient,  calling  attention  where  needed,  to 
the  percentage  of  carbonate  of  lime,  which  experience  has 
also  shown  to  be  a  very  valuable  constituent  of  all  the  marls. 

A.     New  Jersey  Marls. 

1.  The  average  marl  from  the  Lower  bed  (New  Jersey) 
contains  1.14  per  c^nt.  phosphoric  acid,  which  is  not  high, 
but  the  marl  contains  in  addition,  10  to  20  per  cent,  of  car- 
bonate of  lime,  in  fine  powder.  "In  the  neighborhood  of 
the  marls  where  it  costs  but  little  more  than  the  cartage,  a 
great  deal  is  used  which  is  much  poorer  than  this,  but  there 
is  no  trouble  in  finding  millions  of  tons  of  this  quality.  It 
is  uped  in  larger  quantity  than  the  other  varieties,  and  is  re- 
markable for  the  permanent  improvement  it  makes  in  the 
soil."     (Extract  from  Report  of  State  Geologist  of  N.  J.) 

2.  The  average  of  five  analyses  given  as  representing  the 
green  marls  of  the  Middle  Bed,  shows  about  2  per  cent, 
of  phosphoric    acid.     Many    hundred    tons    of  this    marl 
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are  shipped  every  day  over  the  railroads  to  the  different 
parts  of  the  state. 

3.  JThe  average  of  four  analyses  given  as  representing  Ihe 
composition  of  marls  of  the  Upper  Bed,  shows  about  3  per 
cent  of  phosphoric  acid.  This  marl  is  also  shipped  by  rail 
to  all  parts  of  the  state. 

These  averages  are  considered  by  the  State  Department 
of  Agriculture  of  New  Jersey,  as  showing  the  general  char- 
acter of  the  three  grades  of  marl  in  use  in  that  state. 

For  the  sake  of  comparison,  I  have  taken  the  means  of  a 
number  of  analyses  of  typical  samples  of  the  various  marls 
occurring  in  Alabama,  showing  the  average  percentage  of 
that  most  important  constituent,  phosphoric  acid. 

B.    Alabama  Marls. 
The  Hamburg  Greensand. 
The  line  of  outcrop  of  this  belt  across   the   state,   near 
Pleasant  Ridge,  Eutaw,  Marion,  Hamburg,  Selma,  Mulberry, 
Prattville,  and  Wetumpka,  has  already  been  given. 

The  locality  at  Hamburg  has  been  much  more  closely  ex- 
amined than  any  other  in  the  state,  and  a  great  number  of 
specimens  from  there  have  been  analyzed. 

The  greensand  proper  is  about  five  or  six  feet  in  thick- 
ness, but  associated  with  it  is  a  bed  of  about  the  same  thick- 
ness, which  holds  phosphatic  nodules,  and  which  itself  is 
highly  phosphatic.  We  shall  call  this  the  Matrix  of  the 
nodules  to  distinguish  it  from  the  greensand. 

(a).  The  Greensand.  This  varies  very  considerably  in 
composition  as  may  be  seen  from  the  analyses  already  given. 

Excluding  all  the  exceptionally  high  percentages,  we  find 
as  the  mean  of  eight  analyses  of  the  average  typical  green- 
sand, 4.6  per  cant,  of  phosphoric  acid.  The  whole  bed  #ill 
in  all  probability  sustain  this  average. 

(b).  The  Matiix. — The  analyses  of  eleven  typical  speci- 
mens give  an  average  of  2.5  per  cent,  of  the  phosphoric  acid. 

Specimens  from  this  bed  have  bee*  collected  and  ana- 
lyzed from    Marion,    Greensboro,  Choctaw  Bluff,  Eutaw, 
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Selma,  Summerfield,  and  localities  in  Autauga  and  Elmore 
counties  but  no  care  was  taken  in  selecting  the  sample,  to 
separate  the  greensand  from  the  matrix  of  the  nodules,  and 
the  following  analyses  may  be  considered  as  representing 
the  averages  of  the  two  combined. 

The  average  of  four  analyses  of  specimens  from  Marion, 
show  2.9  per  cent,  of  phosphoric  acid ;  of  three  specimens 
from  Eutaw  to  Greensboro,  4.2  ;  of  four  specimens  from  be- 
tween Selma  and  Summerfield,  4.46 ;  of  seven  specimens 
from  Autauga  county  between  Mulberry  and  Pratt ville,  3.15 ; 
of  three  specimens  from  near  Wetumpka,  1.15  of  phosphoric 
acid.  The  average  of  these  nineteen  analyses,  together  with 
the  twenty-one  from  Hamburg,  forty  in  all,  thus  given  as 
fairly  showing  the  composition  of  this  greensand  at  the 
different  localities  between  Eutaw  and  Wetumpka,  show 
3.33  per  cent,  of  phosphoric  acid,  and  I  am  satisfied  that  the 
bed  will  sustain  this  average,  or  even  show  a  higher  percen- 
tage when  a  greater  number  of  analyses  is  made. 

The     Livingston,     Ooatopa,     Richmond,     Fort     Deposit 

Greensand. 

This  bed,  as  has  already  been  said,  comes  to  the  surface 
in  a  belt  approximately  parallel  to  the  preceding,  but  on  the 
southern  border  of  the  prairie  region.  Associated  with  it 
are  the  phosphatized  shell  casts,  and  the  siliceous  phosphatic 
limestone  which  have  been  mentioned  above. 

The  greensand  has  been  examined  at  several  points  ex- 
tending from  Coatopa,  in  Sumter  Co.  to  Snow  Hill,  in  Wil- 
cox Co.,  and  it  has  pretty  uniform  characters  through  this 
whole  distance.  Its  thickness  is  some  four  or  five  feet,  and 
like  one  of  the  New  Jersey  marls  above  described,  holds  in 
addition  to  the  phosphoric  acid,  about  30  per  cent,  of  carbo- 
nate of  lime  in  a  fine  earthy  powder. 

The  average  of  eight  analyses  of  this  greensand  from  va- 
rious localities  from  Coatopa  to  Snow  Hill,  shows  1.44  per 
cent,  of  phosphoric  acid,  and  over  30  per  cent,  of  soft  pul- 
verulent carbonat^of  lime.  The  close  approximation  in 
composition  of  this  greensand  to  some  of  the  New  Jersey 
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marls,  which  have  been  so  successfully  used,  would  be  a 
good  recommendation  of  itself,  but  we  have  fortunately  a  few 
field  experiments  which  have  tested  its  value  in  a  practical 
way.     (These  experiments  are  described  below.) 

While  this  marl  contains  much  less  phosphoric  acid  than 
the  marl  of  the  Hamburg  b^lt,  it  will  doubtless  prove  an 
efficient  fertilizer  by  reason  of  the  carbonate  of  lime  which 
it  holds  in  addition  to  the  phosphoric  acid. 

The  Nanafalia  Marl. 

In  addition  to  the  two  great  marl  beds  above  described, 
of  the  Cretaceous  formation,  attention  has  recently  been 
called  to  others  in  the  Tertiary  formation  to  the  southward. 

The  most  important  of  these,  and  one  of  the  most  import- 
ant in  the  whole  State,  is  the  Nanafalia  Marl,  which  appears 
on  the  Tombigbee  river  at  Nanafalia  Landing,  Eureka  Land- 
ing, etc.,  and  on  the  Alabama  at  Black's  and  Gullette's 
Bluffs,  but  which  may  easily  be  traced  across  Choctaw, 
Marengo  and  Wilcox  counties  into  Butler,  and  thence  to  the 
Chattahoochee  river.  This  is  a  greensand  marl,  rich  in  car- 
bonate of  lime,  and  having  a  very  considerable  thickness, 
in  places  thirty  to  fifty  feet,  but  the  main  bed  is  from  fifteen 
to  twenty  feet.  Some  of  the  indurated  ledges  which  traverse 
this  mail  bed,  hold  as  much  as  6.7  per  cent  of  phosphoric 
acid,  but  the  average  will  fall  much  below  this,  so  that  it 
might  perhaps  not  be  classed  with  the  phosphatic  marls  at 
all ;  8  til  J,  the  physical  condition  of  the  marl,  and  its  high 
percent  of  carbonate  of  lime,  will  make  it  one  of  the  most 
valuable  natural  fertilizers  in  the  State. 

The  analyses  made,  show  from  40  to  70  per  cent,  of  car- 
bonate of  lime. 

The  Wood's  Bluff  or  Bashi  Marl. 

This  bed  of  greensand  with  high  percentage  of  carbonate 
of  lime,  appears  at  Wood's  Bluff  on  the  Tombigbee  river, 
and  at  Johnson's  Wood  Yard,  just  below  Bell's  Landing  on 
the  Alabama  river,  and  in  many  places  in  the  interior  of 
Choctaw,  Clarke  and  Monroe  counties.     It  has  comparatively 
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little  phosphoric  acid,  but  a  large  amount  of  carbonate  of 
lime,  and  is  usually  in  most  excellent  condition  physically, 
being  almost  pulverulent,  especially  where  protected  by  the 
indurated  portions  of  the  bed.  Some  tests  have  been  made 
of  it  as  a  fertilizer  in  Clarke  county,  and  the  results  have 
been  very  satisfactory. 

The  St.  Stephens'  Marl. 

Lastly,  at  St.  Stephens  on  the  Tombigbee  river,  and  ex- 
tending across  Choctaw,  Washington,  Clarke  and  Monroe 
counties,  there  is  a  clayey  marl  which  appears  as  the  basis 
of  the  "Lime  Hills"  soils  which  exhitlit  an  exceptional  de- 
gree of  fertility.  I  have  not  heard  of  this  marl  being  used 
as  a  fertilizer,  but  there  is  no  doubt  of  its  value  upon  the 
light  and  ssmdy  lands  which  are  found  always  close  to  it. 

8. —  Can  our  Phosphatic  Marls  be  Profitably   Used? 

We  have  seen  above  that  our  marl  beds  extend  over  a 
great  area  and  contain  each  a  quantity  of  available  marl 
sufficient  for  all  our  needs  for  many  generations  to  come. 
As  regards  their  quality  we  have  seen  that  they  are  very 
similar  to  the  marls  so  extensively  used  in  New  Jersey. 

The  question  that  now  most  concerns  us  is  whether  or 
not  these  marls  can  be  profitably  used  upon  our  soils.  I 
think  this  question  can  be  affirmatively  answered.  1st. 
Upon  general  scientific  principles.  2nd.  By  noting  the  re- 
sults attained  by  the  farmers  of  other  States,  notably  New 
Jersey,  by  the  use  of  marls  quite  similar  in  quality  to  ours. 
3rd.  By  giving  the  experience  of  the  few  among  the  farmers 
of  our  own  State  who  have  used  these  very  marls  upon 
their  fields  for  the  past  five  or  six  years. 

1st.  Objection  has  been  urged  even  by  chemists,  that  so 
small  percentage  of  phosphoric  acid,  an<J  that  too  in  the  in- 
soluble form,  can  be  of  comparatively  little  benefit  to  the 
growing  crop.  In  answer  to  this  objection  it  may  be  said 
that  the  experience  of  New  Jersey  farmers,  and  of  our  own 
too,  so  far  as  it  goes,  has  demonstrated  beyond  all  peradven- 
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tare,  that  marls  with  this  small  percentage  of  phosphoric 
acid  and  in  this  insoluble  form  do  actually  prove  of  benefit 
to  crops  and  have  actually  brought  the  New  Jersey  soils  from 
the  condition  of  barren  sands  up  to  a  degree  of  fertility 
which  is  not  equalled  by  the  soils  <Jlf  any  other  State  of  the 
Union. 

It  seems  to  me  that  this  should  be  conclusive,  but  as  I 
have  time  and  again  published  these  facts,  and  there  still 
remains  doubt  as  to  the  value  of  our  phosphatic  marls,  per- 
haps an  attempt  to  show  how  it  happens  may  not  be  out  of 
place. 

Commercial  phosphates  are,  as  a  rule,  applied  to  the  soil 
in  a  soluble  form  but  experiments  by  Thenard  have  shown 
that  when  given  to  the  soil  in  this  form  the  phosphoric  acid 
very  speedily,  (after  the  lapse  of  a  day  or  two  at  most)  goes 
into  insoluble  combinations  with  the  iron,  alumina,  lime,  or 
magnesia  of  the  soil,  and  since  the  plant  contains  a  very 
small  percentage  either  of  iron  or  alumina  or  lime  or  magne- 
sia, it  is  certain  that  the  phosphoric  acid  is  not  assimilated 
from  these  insoluble  compounds  until  they  are  decomposed, 
and  this  decomposition  appears,  for  the  most  part  to  be 
effected  through  the  agency  of  the  alkaline  salts  present  in 
the  soil,  and  partly  also,  as  shown  by  the  experiments  and 
observations  of  Liebig,  Heiden,  Knop,  and  others,  through 
the  solvent  action  of  the  acid  excretions  of  the  plant  roots 
themselves.  The  experiments  show  that  the  phosphoric  acid 
of  commercial  super- phosphates,  after  two  or  three  days  in 
contact  with  the  soil,  is  in  quite  as  insoluble  a  form  as  the 
phosphoric  acid  of  our  marls.  If  the  plant  is  able  to  assfmi- 
late  the  phosphoric  acid  from  the  first,  it  is  certainly  possible 
for  it  to  do  so  from  the  second. 

In  the  notice  of  Alabama  phosphates  in  the  report  on  the 
Mineral  Resources  of  the  United  States  for  1886,  Dr.  Day 
writes  as  follows :  "Since  the  announcement  of  the  dis- 
covery of  the  phosphates  in  1884,  it  is  remarkable  that  very 
little  has  been  done  towards  utilizing  these  deposits.  The 
chief  reason  for  this  seems  to  be  the  reluctancy  to  invest 
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capital  in  an  industry  which  can  only  turn  out  a  product  to  be 
consumed  locally.  These  phosphates  and  marls  are,  however, 
extremely  valuable  and  there  is  absolutely  no  reason  why 
they  should  not  be  used  in  much  larger  quantities  than  in 
the  prosperous  state  of  New  Jersey,  where  of  marls  alone  at 
least  800,000  tons  by  no  means  so  rich  in  phosphoric  acid, 
are  annually  applied  to  the  soil.  The  questionable  opinion 
seems  to  be  prevalent  that  only  such  fertilizers  can  be  used 
to  advantage,  in  which  the  phosphoric  acid  is  in  a  soluble 
condition.  It  is  true  that  for  quick  benefit,  such  fertilizers 
give  moot  immediate  returns,  bfct  the  employment  of  ground 
bones  shows  the  benefit  which  can  be  obtained  from  the  use 
of  fertilizers  in  which  the  phosphoric  acid  is  insoluble.  In 
the  phosphate  rock  of  Alabama,  the  percentage  of  phospho- 
ric acid  is  lower  than  in  ordinary  commercial  fertilizers,  and 
it  is  less  soluble,  but  still  the  poorest  of  these  marls  contains 
many  times  the  phosphoric  acid  of  an  ordinary  rich  soil. 
Therefore  the  question  of  ultimate  benefit  is  simply  as  to 
how  many  tons  of  marl  or  phosphate  must  be  applied  per 
acre,  to  add  to  the  soil  as  much  phosphoric  acid  as  is  con- 
tained in  the  quantity  of  commercial  fertilizers  ordinarily 
applied.  A  serious  difficulty  in  selling  the  phosphates  and 
marls  is  offered  by  the  state  laws,  which  rule  out  of  the  mar- 
ket the  only  mineral  substance  which  this  state  possesses." 

2nd.  I  am  aware  that  with  many,  and  very  naturally 
too,  an  opinion  based  upon  general  considerations  has  very 
little  weight,  and  I  therefore  present  the  following  from  the 
experience  of  the  New  Jersey  farmers  in  the  use  of  materials 
similar  to  our. 

The  greensands  of  New  Jersey  have  essentially  the  same 
composition  as  ours,  as  has  been  shown  at  length  in  division 
2  above,  and  here  are  some  statements  taken  from  a  Report 
of  the  New  Jersey  Board  of  Agriculture,  showing  what  a 
complete  revolution  the  use  of  these  marls  has  worked  in 
that  state.  "The  marl  has  been  of  incalculable  value  to  the 
country  in  which  it  is  found.  It  has  raised  it  from  the  lowest 
stage  of  agricultural  exhaustion  to  a  high  state  of  improve- 
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ment.  Found  in  places  where  no  capital  and  but  very  little 
labor  were  needed  to  get  it,  the  poorest  have  been  able  to 
avail  themselves  of  its  benefits.  Lands,  which  in  the  old 
style  of  cultivation  had  to  lie  fallow,  by  the  use  of  marl  pro- 
duce heavy  crops  of  clover  and  grow  rich  while  resting. 
Thousands  of  acres  of  land  which  had  been  worn  out  and 
left  in  common,  are  now,  by  the  use  of  this  fertilizer,  yield- 
ing crops  of  the  finest  quality.  Instances  are  pointed  out 
everywhere  in  the  marl  district  of  farms  which,  in  former 
times  would  not  support  a  family,  but  are  now  making  their 
owners  rich  from  their  productiveness.  Bare  eands,  by  the 
application  of  marl,  are  made  to  grow  clover  and  then  crops 
of  corn,  potatoes  and  when.  What  were  supposed  to  be 
pine-barrens,  by  the  use  of  marl,  are  made  into  fruitful 
lands.  The  price  of  land  in  this  region  was  considerably 
below  that  in  the  northern  part  of  the  state  forty  years  ago ; 
now  that  the  lands  are  improved,  their  prices  are  higher 
than  those  in  the  northern  part  of  the  state,  though  even 
there  they  are  higher  than  anywhere  else  in  the  United 
States." 

In  the  winter  of  1876-7,  a  series  of  questions  relating  to 
the  quantity  of  marl  used  per  acre,  the  benefits  resulting 
from  this  use,  the  mode  of  application,  etc.,  was  sent  out  to 
the  farmers  of  New  Jersey,  and  from  the  answers  received, 
detailing  the  results  of  experience,  together  with  the  chemi- 
cal analyses  of  the  marls,  the  following  conclusions  were 
drawn : 

u  1st.  That  the  most  valuable  marls  and  chose  which  will 
pay  best  the  cost  of  long  transportation,  are  those  which  con- 
tain the  highest  percentage  of  phosphoric  acid. 

"  2nd.  That  the  most  durable  marls  are  those  contain- 
ing carbonate  of  lime,  the  more  the  better. 

"  3rd.  That  the  potash  in  the  marl  has  but  very  little,  if 
any,  present  value,  it  being  combined  with  silica,  and  so  in- 
soluble. 

"  4th.  That  greensands  containing  but  little  of  either 
phosphoric  acid  or  carbonate  of  lime,  become  active  fertili- 
zers when  composted  with  quick  lime. 
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"  5th.  That  marls  which  are  acid  and  burning  from  con- 
taining sulphate  of  iron,  can  be  rendered  mild  in  properties 
and  useful  as  fertilizers  by  composting  with  lime. 

"  7th.  That  crops  particularly  improved  by  it  are  all  for- 
age crops — grass,  clover,  etc. ;  for  these  the  green  marl  may 
be  spread  upon  the  surface  to  the  amount  of  from  one  hun- 
dred to  four  hundred  bushels  per  acre.  *The  crop  is  gener- 
ally doubled,  and  in  some  cases  quadrupled,  by  this  applica- 
tion. Other  marls  must  be  used  in  larger  quantities,  but 
will  produce  good  results." 

3rd.  With  this  statement  of  the  chemical  and  physical 
characters  of  our  Alabama  pho6phatic  marls,  and  with  the 
record  of  the  experience  of  New  Jersey  farmers  in  the  use 
of  similar  marls,  which  to  say  the  least  are  no  better  than 
ours,  (and  all  the  analyses  show  them  to  be  if  anything  in- 
ferior) can  any  one  doubt  that  our  marls,  it  properly  used, 
will  be  of  inestimable  benefit  to  our  farmers  ? 

But  we  are,  fortunately,  not  obliged  to  go  out  of  the  state 
for  data  to  show  that  our  marls  are  of  value. 

Since  their  discovery  in  1884,  four  farmers  residing  in  dif- 
ferent parts  of  the  state,  have  been  induced  to  make  thorough 
tests  of  them,  and  since  these  tests  have  been  made  with  all 
the  varieties  of  phosphatic  marl  above  mentioned,  and  upon 
every  variety  of  soil  and  in  four  widely  distant  localities,  I 
think  they  may  be  taken  as  giving  absolute  practical  proof 
of  what  we  may  expect  from  the  use  of  these  marls. 

The  greenoands  of  the  Hamburg  belt  have  been  tried  at 
Eutaw  by  Mr.  T.  J.  Anderson,  the  Ooatopa  marl  by  Mr.  John 
Wiatt  at  Coatopa,  by  Dr.  G.  W.  Kyser  at  Richmond,  Dallas 
county,  and  by  Mr.  W.  S.  Purifoy  at  Snow  Hill,  in  Wilcox 
county,  and  the  Nanafalia  marls  by  Capt.  W.  H.  Homer  at 
Mobile. 

Mr.  Anderson  writes,  (1886) :  "Last  year  my  son  and 
myself  experimented  somewhat  with  the  marl  and  with  good 
results.  You  remember  the  old  field  near  the  bed  of  marl 
was  poor  and  worn  out.  It  took  an  average  of  five  acres  to 
the  bale  of  cotton.  On  one  acre  we  put  nothing  but  the 
marl,  pulverized  as  well  as  we  could  do  it  with  a  good  corn 
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and  cob  crasher.  We  used  about  three  quarters  of  a  ton  on 
that  acre,  and  no  other  fertilizer.  The  result  was  1200  lbs. 
seed  cotton.  On  another  acre  we  used  the  same  amount  of 
marl  and  30  bushels  of  crushed  cotton  seed ;  result  about 
the  same.  On  another  acre  we  used-  marl,  stable  manure,, 
and  lot  scrapings  with  about  the  same  result.  To  the  poorest 
spot  (about  three  acres)  we  then  ftpplied  the  mail  mixed 
with  coal  and  pine  wood  ashes  ;  result  about  600  lbs.  seed 
cotton  to  the  acre.  We  noticed  that  the  marl  did  best  on 
clay  land,  and  that  wher^it  was  used  alone  and  freely,  the 
long  dry  spell  did  not  show  its  effect  much. 

We  planted  some  cotton  in  an  old  road,  nothing  but  clay, 
using  the  marl  freely,  and  the  stalks  never  did  shed  the  foli- 
age until  frost.  We  are  perfectly  satisfied  with  the  results 
ancf  intend  to  use  the  marl  more  extensively  this  year.  We 
also  used  it  on  Irish  potatoes  with  fine  results  both  as  to 
quantity  and  quality.  Also  tried  it  on  the  sweet  potatoes, 
but  the  result  was  unsatisfactory,  more  vines  than  "taters." 

I  may  remark  in  connection  with  this  extract  that  the  ma- 
terial used  by  Mr.  Anderson  is  not  the  greensand  proper,, 
with  its  high  per  cent,  of  phosphoric  acid,  but  has  rather  the 
composition  of  the  matrix  of  the  nodules,  say  1  or  2  per 
cent.  The  Hamburg  greensand  itself  has  never,  to  my 
knowledge,  been  adequately  tested. 

Mr.  John  Wiatt  o^Coatopa,  writes  (1886) :  4,In  reply  to 
your  enquiry  I  will  say  that  my  experiments  with  the  marl 
have  been  very  satisfactory.  You  will  remember  that  when 
you  were  here  last,  you  suggested  that  I  make  an  experi- 
ment with  the  clay  marl  alone  by  spreading  it  broadcast  upon 
the  land.  I  did  this  last  year,  on  half  an  acre,  applying  at 
the  rate  of  eight  tons  to  the  acre.  Adjoining  this  on  the 
saire  quality  of  land  I  used  compost,  about  the  same  quan- 
tity and  with  but  little  better  result  than  from  the  marl 
alone.  1 1  hi  ilk  where  nothing  but  the  marl  was  used,  the 
dry  weather  affected  the  land  less  than  where  the  compost 
was  used.  I  notice  that  the  lands  where  the  marl  has  been 
applied  for  the  last  three  years  in  small  quantities  in  com- 
post, are  changing  very  much  in  color,  growing  darker,  and. 
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where  formerly  it  baked  badly,  thus  preventing  a  stand  of 
cotton,  it  is  now  entirely  changed,  having  become  soft  and 
mellow,  and  therefore  more  productive.  The  result  from 
the  ground  rock  is  much  more  marked." 

In  addition  to  this  report  from  Mr.  Wiatt  I  may  say  that 
when  I  visited  his  place  two  years  agd,  there  were  several 
spots  in  his  field  conspicuous  by  the  deep  green  color  of  the 
foliage  of  the  cotton  plants,  and  the  greater  height  of  the 
stalks,  nearly  twice  that  of  the  plants  in  the  rest  of  the 
field.  On  enquiry  I  was  told  that  these  were  the  spots 
where  he  had  first  thrown  the  marl  in  piles  from  which  it 
was  afterwards  distributed  over  the  rest  of  the  field.  In 
spreading  the  marl,  the  rest  of  the  land  received  a  good  deal 
less  than  was  left  on  these  spots.  There  could  hardly  be 
given  a  clearer  indication  that  the  marl  had  been  too  spar- 
ingly used  over  the  rest  of  the  field,  for  the  marl  had  not 
been  left  long  enough  in  these  piles  to  have  brought  about 
any  such  result  by  the  shading  of  the  soil  beneath.  I  am 
glad  to  6ay  that  Mr.  Wiatt  took  the  hint  and  more  than 
doubled  the  quantity  of  marl  upon  his  field  the  next  year. 

Mr,  W.  S.  Purifoy,  of  Snow  Hill,  was  one  of  the  first  to 
make  use  of  the  marl,  which,  fortunately,  was  found  very 
convenient  of  access  upon  his  land.  He  has  experimented 
with  it  every  year  since  1884,  and  has  published  at  my  re- 
quest, the  results  of  these  trials  each  year.  At  this  time, 
1886,  he  writes:  "There  is  one  result  attending  the  use  of 
the  marl  of  which  I  have  not  yet  made  mention,  and  that  is 
that  it  improves  the  physical  condition  of  aluminous  soils, 
rendering  them  more  easily  cultivated ;  the  loose  nature  in- 
duced by  their  application  favors  the  germination  of  the 
seed,  thereby  securing  a  stand  more  readily.  This  condition 
of  the  soil  is  also  favorable  to  the  growth  of  the  crop,  in  that 
it  permits  access  of  the  atmospheric  air,  and  brings  about 
the  conditions  necessary  to  reduce  the  elements  of  the  ferti- 
lizer to  the  form  in  which  they  are  best  suited  to  be  taken 
up  by  the  plants.  To  bring  about  these  physical  conditions, 
is  in  my  opinion,  no  less  important  than  to  supply  the  ele- 
ments of  plant  food.     I  have  been  using  these  marls  on  my 
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lands  with  satisfactory  results  each  year  since  their  discovery. 
I  apply  it  in  connection  with  cotton  seed  and  stable  mahure. 
Lands  that  had  been  exhausted  and  given  up  to  sedge  and 
briars,  are  now  producing  paying. crops.  Experience  has 
shown  the  economy  of  bringing  up  lands  gradually;  which 
fact  has  induced  me  to  pursue  such  methods  as  will  render 
the  land  perceptibly  more  productive  for  each  succeeding 
crop.  To  this  end  I  have  increased  the  proportion  of  marl 
in  my  compost  heaps  relatively  to  the  other  ingredients. 
The  proportions  as  now  used  areas  follows:  Marl,  1.500 
lb 8.;  stable  manure,  300  lbs.;  cotton  seed,  200  lbs.;  making 
one  ton,  which  I  apply  per  acre.  With  the  lights  now  be- 
fore me,  I  shall  follow  this  plan  in  the  future." 

Mr.  Purifoy's  experiments,  extended  over  a  number  of 
years,  go  to  show  that  while  the  plants  grow  off  more  rapidly 
when  fertilized  with  superphosphates,  they  stand  the  later 
drouths  better  and  produce  finally  as  good  crops  when 
treated  with  the  phosphatic  greensands. 

Quite  similar  to  Mr.  Purifoy's  is  the  experience  of  Dr. 
Geo.  W.  Kyser,  of  Richmond,  Dallas  Co.,  also  extending 
over  a  number  of  years.  He  has  used  as  fertilizers  not  only 
the  greensand  marl,  but  also  a  ground  up  phosphatic  rock 
occurring  on  his  place.  Dr.  Kyser  made  some  comparative 
tests  which  are  of  interest.  The  commercial  phosphates 
caused  the  cotton  plants  experimented  with  to  grow  off 
much  faster  than  the  ground  rock  and  greensand,  but  on  the 
other  band,  those  plants  fertilized  with  the  roek  and  green- 
sand stood  the  drought  much  better  and  were  green  and 
flourishing  at  least  three  weeks  after  those  treated  with  the 
commercial  fertilizer  had  turned  red  and  ceased  making. 

I  have  no  report  direct  from  Oapt.  Homer,  but  Mr.  D.  W. 

Langdon,  Jr.,  informs  me  that  he  has  for  some  years  been 
using  the  Nanafalia  marl,  with  great  profit  to  himself,  upon 
his  market  gardens  in  Mobile. 

4-     Limitations  to  the  use  of  the  maris  depending  upon  their 

cost. 

Even  where  a  marl  is  known  to  exert  a  good  effect 
upon  the  growing  crop,  the  cost  of  getting  it  up  and  apply- 
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ing  to  the  lands,  might  easily  be  greater  than  the  benefits- 
resulting  from  its  use,  and  this  is  particularly  likely  to  be 
the  case  where  the  marl  is  at  a  distance  from  the  crop,  and 
has  to  be  transported  by  rail  or  wagon.  There  is  in  all  these 
marls  a  very  considerable  percentage  of  inert  matter,  whicb 
very  materially  increases  the  cost  of  transportation. 

We  may  make  a  rough  approximation  of  the  value  of  the 
phosphatic  marls  by  assuming  that  the  phosphoric  acid  is 
the  only  effective  ingredient,  and  basing  our  calculations 
upon  that  assumption;  if  in  addition,  the  marls  contain  & 
notable  quantity  of  carbonate  of  lime,  so  much  the  better. 
Available  phosphoric  acid  is  estimated  now  to  be  worth 
about  7.5  cents  a  pound,  and  we  shall  certainly  be  on  the 
safe  side  if  we  put  the  value  of  the  phosphoric  acid  of  our 
marls  at  5  cents  a  pound.  With  this  valuation  a  marl  with 
1  per  cent,  of  phosphoric  acid  would  contain  20  lbs.  to  the 
ton,  and  be  worth  $1.00  a  ton.  A  marl  containing  2  per 
cent,  would  be  woith  $2.00,  and  so  on. 

With  these  data  it  might  be  easily  calculated  whether  or 
not  it  would  pay  to  apply  a  marl  to  the  land.  It  would  ob- 
viously not  pay  to  transport  any  of  the  Alabama  marls  long 
distances  by  rail,  with  the  present  high  rates  of  freight;  but 
if  experience  should  show  that  these  marls  were  better  than 
many  of  the  commercial  phosphates,  the  freight  rates  would 
certainly  be  reduced  when  the  amount  of  traffic  would  jus- 
tify it. 

In  lookingover  theJkReports  of  the  New  Jersey  farmers 
upon  the  cost  of  the  marls  in  that  state,  we  find  tba^  it 
varies  from  40  or  50  cents  a  ton  in  the  immediate 
vicinity  of  the  pits,  to  $2.50  where  it  has  to  be  hauled,  say 
10  miles.1!  The  farmers  find  that  it  pays  even  at  the  last 
named  price,  including  all  the  cost  of  transportation,  spread- 
ing, etc. 

As  to  the  value  of  the  greensands  as  compared  with  sta- 
ble manure,  the  New  Jersey  farmers  vary  in  their  experi- 
ence. Some  consider  it  equal  to  the  barn-yard  manure,  load 
for  load  ;  some  consider  it  better  for  certain  crops,  especially 
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for  grass ;  while  others  think  one  load  of  barn-yard  manure 
equal  to  two,  or  even  in  a  few  cases,  to  three  of  the  green- 
sand. 

We  shall  certainly  not  be  overestimating  its  value  when 
we  consider  our  greensand  to  be  worth  about  half  as  much 
per  ton  or  load,  as  stable  manure,  and  upon  this  assumption 
it  will  be  easy  for  any  person  to  determine  for  himself, 
whether  or  not  it  will  be  profitable  for  him  to  use  green- 
sand.  All  the  above  estimates  refer  to  the  immediate  re- 
sults to  be  gotten  from  the  use  of  marls,  but  it  should  be 
borne  in  mind  that  the  phosphatic  greensands  produce  a 
lasting  improvement  of  the  lands  upon  which  they  are  used, 
and  the  good  effects  of  their  use  can  often  be  seen  for  years 
after  they  have  been  applied  to  the  soil.  This  should  have 
some  weight  in  estimating  their  value. 

In  the  application  of  our  marls,  I  do  not  think  we  can  do 
better  than  to  follow  the  practice  of  the  New  Jersey  farmers, 
who  use  their  marl  either  alone,  spreading  it  upon  the  land 
in  the  fall  and  winter  months,  in  quantity  varying  from  10  to 
50  tons  per  acre,  the  more  the  better.  In  this  form  it  an- 
swers well  for  clover,  grass  and  other  forage  plants.  Or  they 
compost  it  with  equal  parts  of  stable  manure,  or  with  stable 
manure  and  quicklime,  in  which  form  it  is  a  good  fertilizer 
for  all  crops  without  exception. 

It  is  sometimes  urged  as  an  objection  to  the  use  of  the 
marls  that  our  farmers  need  quick  results  and  cannot  afford 
to  build  up  their  lands  for  the  benefit  of  posterity  alone. 

That  this  objection  is  absolutely  without  weight  has  been 
conclusively  shown  by  the  experiments  of  Mr.  Purifoy,  in 
which  it  was  6een  that  while  the  crops  fertilized  with  acid 
phosphate  grow  off  a  little  more  promptly  at  the  beginning 
of  the  season,  those  upon  which  the  marl  was  used  in  proper 
quantity  quite  equalled  the  first  by  the  end  of  the  season,  so 
that  even  upon  the  first  crop  the  marl  proves  of  as  much 
benefit  as  the  commercial  fertilizer,  and  there  can  be  no 
comparison  between  the  two  as  regards  the  permanent  im- 
provement of  the  soil. 

These  farmers  throughout  the  state  upon  whose  lands 
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these  marls  occur,  could  uot  possibly  be  losers  by  giving  the 
marls  a  thorough  test  in  the  field,  on  the  contrary  they 
could  hardly  fail  to  be  gainers  thereby.  It  is  to  them  that 
we  must  look  for  the  introduction  of  the  marls  into  the  agri- 
cultural practice  of  Alabama. 
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PREFACE/ 


Specific  interest  in  the  Lower  Appalachian  Gold  Field  dates  fjpm 
June,  1540,  when,  according  to  Pickett's  History  of  Alabama,  Vol.  I, 
pp.  10  to  15,  Villabos  and  Silvera,  two  cavaliers  from  De  Soto's  army, 
(then  encamped  at  Chiaha,  the  site  of  Rome,  Georgia,)  went  with  an 
Indian  guide  in  search  of  gold.  "About  this  time  a  principal  Indian 
from  Costa,  a  town  below,  informed  De  Soto  that  in  the  mountains  to 
the  north,  at  a  place  called  Chisca,  were  mines  of  copper,  and  of  a 
yellow  metal,  still  finer  and  softer.  Having  seen,  upon  the  Savannah, 
copper  hatchets  supposed  to  be  mixed  with  gold,  his  attention  was 
deeply  aroused  upon  the  subject.  Villabos  and  Silvera,  two  fearless 
soldiers,  volunteered  to  explore  that  region.  Furnished  with  guides 
by  the  chief  of  Chiaha  they  departed  upon  their  perilous  journey." 
They  seem  to  have  been  gone  some  time  for  they  re- 
turned in  July.  "Three  days  after  this,  Villabos  and  Silvera  returned 
from  Chisca.  They  passed  into  the  mountains,  found  no  gold,  but  a 
country  abounding  with  lofty  hills  and  stupendous  rocks.  Dispirited, 
they  returned  to  a  poor  town,  where  the  inhabitants  gave  them  a 
buffalo  robe,  which  they  supposed  once  covered  a  tremendous  animal, 
partaking  of  the  qualities  of  the  ox  and  the  sheep.  According  to 
Garcelasso,  the  mines  which  they  reached  were  of  a  highly  colored 
copper,  and  were  doubtless  situated  in  the  territory  of  the  county  of 
DeKalb." 

This  is  the  earliest  prospecting  trip  for  gold  into  the  Appalachian 
Mountains  of  which  I  can  find  mention,  and,  like  a  great  many  sub- 
sequent trips  of  the  same  nature,  resulted  in  the  finding  of  "a  country 
abounding  with  lofty  hills  and  stupendous  rock/1  but  devoid  of  gold. 

De  Soto,  while  wandering  in  a  somewhat  aimless  manner  about 
the  States  of  Georgia,  Alabama  and  Mississippi,  dining  (when  he 
could)  on  dogs  which  were  said  to  be  as  toothsome  as  a  fat  wether, 
had  his  ears  open  for  any  report  of  gold  or  silver.  He  does  not  ap- 
pear to  have  found  any  gold  and  all  the  silver  obtained  was  secured 
rt  et  arm  is  from  the  hapless  Indians.  Pickett  says  (ut  supra,  p.  91) 
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"The  Creeks  wore  many  ornaments  of  silver.    Crescents  or  gorgets, 

very  massive,  suspended  around  the  neck  by  ribbons,  reposed  upon 

the  breast,  while  the  arms,  fingers,  hats,  and  even  sometimes  the 

necks,  had  silver  bands  around  them."    This  was  in  1777,  and  it  is  not 

stated  whether  or  no  they  had  such  ornaments  in  1540.    It  is  not 

likely  that  such  was  the  case.    I  have  in  my  possession  now  a  silver 

crescent  and  a  pair  of  silver  bracelets  obtained  from  some  Indian 

graves  in  Coosa  county,  but  they  are  evidently  of  foreign  origin, 

probably  English. 

Of  the  thousand  and  one  rumors  of  Intlian  silver  mines  along  the 

Appalachian  Range,  from  Winchester  to  Wetumpka,  it  is  not  likely 

that  a  single  one  is  true.    I  have  visited  many  localities  from  which 

the  Indians  were  said  to  have  extracted  silver  and  have  assayed 

samples  of  the  so-called  ore  without  finding  more  than  the  merest 

trace  of  gold  or  silver.    What  the  pre-historic  inhabitants  might 

have  done  is  irrelevant  to  the  question ;  they  did  mine  mica  in  North 

Carolina  and  Alabama  and  they  did  mine  and  treat  copper  ores. 

And  the  Indian,  such  as  roamed  these  forests  150  years  ago,  mined 

and  sold  kaolin,  exporting  it  from  Jamestown.    But  I  have  found  no 

evidence  that  the  Indian  of  1540  or  of  any  other  date,  mined  and 

treated  either  gold  or  silver  ores.    Nuggets  of  gold,  picked  up  in  some 

branch,  are  no  proof  of  the  mining  of  ore  or  the  treatment  of  it  when 

mined.    De  Soto's  "copper  hatchets,  supposed  to  be  mixed  with 

gold"  are  illustrations  of  a  great  many  other  suppositions,  equally 

baseless  concerning  the  occurrence  and  distribution  of  the  precious 

metals. 
I  have  been  unable  to  ascertain  when  gold  was  first  discovered  in 

Alabama,  probably  the  year  1830  will  approximate  the  true  date.  At 
any  rate  we  know  that  shortly  afterwards  the  placer  or  gravel  wash- 
ings became  the  seats  of  an  active  industry  in  the  counties  of  Cle- 
burne, Talladega,  Randolph,  Tallapoosa,  Coosa,  Chilton  and,  perhaps, 
also  in  Clay.  But  of  the  yield  of  gold  there  is  no  record,  or  indeed 
of  anything  in  connection  with  the  matter,  except  that  at  such  and 
such  localities  large  numbers  of  men  were  engaged  in  the  work  and 
that  at  certain  places  it  was  said  to  be  profitable. 

No  report  on  the* subject  has  ever  been  issued  by  the  State  and, 
with  the  exception  of  the  scattered  remarks  in  Tuomey's  Report  of 
1858,  no  notice  has  been  taken  of  what  I  sincerely  believe  could  be 
developed  into  one  of  the  most  successful  enterprises  in  the  State- 
gold  mining.    The  present  Geological  Survey  has  acted  wisely  in  de- 
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voting  its  attention  mainly  to  coal  and  iron,  for,  with  the  meagre 
support  afforded  to  it,  little  could  be  done  by  distributing  the  money 
over  the  entire  State. 

It  is  too  small  a  piece  of  butter  to  "be  spread  over  a  great  deal  of 
bread.  The  last  Legislature,  however,  added  to  the  means  at  the  dis- 
posal of  the  survey  and  the  first  thought  of  the  Director  was  towards 
the  metamorphic  region  of  the  eastern  part  of  the  State,  comprised 
within  the  limits  already  given  and  including  about  3500  square 
miles.* 

For  convenience  of  reference  it  was  decided  to  divide  the  gold 
fields  into  an  Upper  and  Lower  Field  by  a  line  running  due  east  and 
west  along  the  northern  boundary  of  Chilton,  Coosa,  Tallapoosa  and 
Chambers.  To  that  part  of  the  Field  lying  south  of  this  line  the 
name  "Lower  Alabama  Gold  Belt"  was  given,  and  it  thus  comprises 
the  counties  of  Coosa,  Tallapoosa  and  Chambers  and  part  of  Chilton 
and  contains  about  1700  square  miles.  To  that  part  of  the  Field 
lying  north  of  this  line  the  name  "Upper  Alabama  Gold  Belt"  was 
given.  It  thus  comprises  the  counties  of  Cleburne,  Clay  and  Ran- 
dolph and  part  of  Talladega,  and  contains  about  1800  square  miles. 
It  was  further  decided  to  spend  three  months  in  each  Belt.  The 
work  on  the  Lower  Belt  was  progressing  very  well  when  I  received 
word  that  my  wife  was  very  ill  at  home.  This  necessitated  my  pres-  ■ 
ence  there  and  I  suspended  the  examination  about  the  middle  of 
August,  1891,  after  one  months  work,  and  was  unable  to  resume  it 
during  the  remainder  of  the  year.  This  report  is  therefore  incom- 
plete even  as  regards  the  Lower  Belt  and  is  to  be  considered  merely 
as  a  preliminary  report.  It  was  thought  best  to  publish  it  in  its 
present  shape  instead  of  waiting  another  year  for  its  completion  and 
to  incorporate  some  additional  information  concerning  this  Belt  with 
the  report  on  the  Upper  Belt,  to  be  published  in  1893,  if  not  sooner. 

Some  photographs  of  very  interesting  localities  in  Chilton  and 
Coosa  counties  were  taken,  but,  most  unfortunately,  the  box  con- 
taining the  plates  was  broken  in  transit  and  the  plates  were  lost. 
They  represented  views  at  the  Rippatoe  Mine,  Alum  Bluff  and  the 
neighborhood  of  Higgins  Ferry  across  the  Coosa  River. 

It  is  hoped  to  embellish  the  next  report  with  numerous  photo- 
graphs of  the  principal  gold  bearing  localities  of  both  belts,  and 
especially  of  Hog  Mt,  the  Ulrich  and  Jones  Pits,  Silver  Hill,  Gregory 


*The  total  area  of  the  crystalline  rocks  is  4425  sq.  miles.    £.  A.  Smith,  Agric.  Rep.  1881-2. 
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Etill,  Blue  Hill,  the  Devil's  Backbone  and  other  places  belonging  to 
the  Lower  Belt. 

I  desire  to  express  my  thanks  to  Prof.  John  M.  Francis,  of  the 
University  of  Alabama,  for  much*  valuable  assistance  in  the  assaying 
of  the  samples;  to  Mr.  E.  E.  Newton,  a  recent  graduate  of  the 
Scientific  Department  of  the  University  tor  aid  in  the  field  as  volun- 
teer assistant ;  to  Major  Jno.  L.  Harrell  for  the  pleasure  and  profit  of 
his  company  through  many  parts  of  Chilton  county ;  and  to  Col.  B. 
L.  Dean  for  many  kindnesses  in  Tallapoosa  county. 

WILLIAM  B.  PHILLIPS. 


/ 
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THE  GOLD  FIELDS  OF  ALABAMA. 

*  General  Description. 

The  Gold  Fields  of  Alabama  extend  in  part  or  wholly  over 
the  counties  of  Cleburne,  Talladega,  Randolph,  Clay,  Talla- 
poosa, Chambers,  Coosa,  Elmore  and  Chilton.  The  occur- 
rence of  the  Gold  is  therefore  confined  to  that  portion  of  the 
State  in  which  extensive  areas  of  the  crystalline  rocks  ap- 
pear. It  is  not  the  purpose  of  thi»  report  to  consider  whether 
these  rocks  belong  to  the  Archaean  or  to  the  Lower  Silurian, 
whether  they  are  orignal  primitive  rocks  or  the  products  of 
a  more  or  less  complete  metamorphism.  Probably  the 
western  edge  ofr  the  Field  is  of  Silurian  Age,  but  it  seems  to 
me  that  the  inner  portion  and  especially  the  Eastern  part 
are  of  older  date.  One  might  go  so  far  as  to  say  that  if  the 
rocks  in  the  central  and  western  part  of  North  Carolina,  and 
in  the  Northwestern  parts  of  South  Carolina  and  Georgia  are 
of  Archaean  Age,  then  these  rocks  are,  for  there  is  the  closest 
relationship  between  them,  both  from  a  stratigraphic  and 
petrographic  point  of  view.  The  Gold  bearing  rocks  of 
Alabama  are  of  the  same  age  as  the  gold  bearing  rocks  of 
North  Carolina,  South  Carolina  and  Georgia,  whatever  this 
may  be.  The  occurrence  of  large  deposits  of  graphite  might 
lead  one  to  classify  them  as  of  a  period  when  there  was  at 
least  plant  life  on  the  earth,  but,  on  the  contrary  the  entire 
absence  of  fossils  and  other  evidences  of  life,  if  we  except 
graphite,  would  incline  one  to  project  their  age  beyond  that 
of  the  Silurian.  A  long  and  careful  examination  of  the  dis- 
trict with  especial  reference  to  the  stratigraphical  relations 
of  these  rocks  towards  the  Silurian  rocks  of  the  western  edge 
and  towards  each  other  would  have  to  precede  a  positive 
opinion. 
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The  productive  portion  of  the  field  is  comprised  within 
the  following  limits  :  From  Calera,  on  the  Louisville  and 
Nashville  Railway,  thirty  miles  south  of  Birmingham,  draw 
a  line  in  a  north  easterly  direction  to  Tallapoosa,  Georgia, 
on  the  Georgia  Pacific  Railway.  From  the  same  point  draw 
a  line  in  a  south  easterly  direction  to  Columbus,  Georgia. 
We  have  thus,  roughly  speaking,  an  equilateral  triangle  of 
ninety  miles  on  the  side  and  the  area  will  be  about  3,500 
square  miles.  I  have  used  the  expression  "productive  area" 
to  imply  that  portion  of  the  State  in  which  gold  mining  has 
at  some  time  or  other  been  carried  on  with  success.  It  is 
not  to  be  taken  as  meaning  that  gold  mining  is  now  prose- 
cuted within  this  area  on  an  extensive  scale,  for  such  is  not 
the  case. 

Within  this  area  of  3,500  square  miles  the  metamorphic 
and  primitive  rocks  find  their  greatest  development  and 
form  the  south  western  termination  of  the  great  Alleghany 
Range,  or,  as  it  should  perhaps  be  termed,  the  Appalachian 
Range. 

The  country  rocks  are  for  the  most  part  crystalline  schists 
and  slates,  talcose,  micaceous,  and  graphitic,  deeply  buried 
on  the  south  western  edge  beneath  the  clays  of  the  Tusca- 
loosa Formation  (Cretaceous)  but  outcropping  with  ever  in- 
creasing boldness  towards  the  east  until  in  Coosa  county,  and 
farther  east  they  appear  with  a  very  coarse  granite  in  con- 
siderable hills  and  bluffs.  The  first  appearance  of  the  granite 
is  in  Coosa  county  near  the  town  of  Rockford ;  from  this 
point  to  the  east  it  occurs  with  marked  frequency  inter- 
stratified  with  graphitic  schists  and  slates  and  imparting  to 
the  landscape  quite  a  bold  and  rugged  appearance. 
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The  most  westerly  exposure  of  the  crystalline  schists 
which  I  was  able  to  observe  is  near  Honeycutt's  Mill  in  the 
weetern  part  of  Chilton  county,  Sec.  17,  T.  22,  R.  13,  E,  13 
miles  from  Clanton,  on  Mulberry  creek.  At  this  place  the 
creek  has  cut  its  way  down  .through  the  overlying  clays  of 
the  Tuscaloosa  Formation  and  the  underlying  rock  is  well 
exposed.  It  is  a  greenish  and  bluish  green  slate,  in  places 
quite  hard  and  [crystalline.  It  strikes  in  a  general  north 
east  course  (N.  75E.  near  the  mill)  and  dips  15  to  20  degrees 
south  east.  The  bed  of  the  creek  is  125  feet  below  the 
general  level  of  the  country.  In  places  the  slate  is  soft  and 
rotten,  breaks  down'  readily  and  gives  a  stiff  reddish  soil.* 
It  frequently  carries  small  veins  of  quartz,  from  one-half  an 
inch  to  eight  inches  in  thickness  running  parallel  to  the 
slate.  It  would  appear  that  many  of  these  quartz  seams 
formerly  carried  pyrite,  for  there  are  evident  traces  of  this 
mineral  still  to  be  found,  with  now  and  then  a  fairly  good 
piece  but  partially  decomposed.  As  a  rule,  however,  the 
pyrite  has  disappeared,  the  quartz  is  cellular  and,  for  the 
most  part,  barren,  showing  neither  gold  nor  pyrite.  It  is 
noticeable  that  wherever  the  slate  carries  quartz  it  is  harder 
and  more  crystalline  than  when  the  quartz  is  absent. 

Placer  mitring  has  been  carried  on  along  this  creek  in  a 
very  small  way  for  the  last  fifty  years,  beginning  about  two 
miles  below  the  mill  and  extending  about  eight  miles  up 
the  creek. 

Along  the  little  branches  that  make  into  the  creek  I 
panned  thirty  pans,  finding  gold  in  twenty-five  and  failing 

•Limonite    (brown   iron   ore)    occurs   on  the  waters  of  Mulberry  creek 
above  Honeycutt's,  in  considerable  masses. 
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to  find  it  in  five.  The  gold  is  held  in  a  mottled  red  and 
white  clay,  sandy  and  carrying  angular  fragments  of  quartz. 
This  clay  is  underlaid  by  a  stiff  white  clay  devoid  of  gold. 
It  is  exposed  in  the  bottom  of  the  branches  and  is  overlaid 
by  from  4  to  6  feet  of  soil  and  reddish  clay,  free  of  gold.  In 
every  pan  there  was  left  at  the  last  a  heavy  black  sand, 
sprinkled  with  minute  fragments  of  garnets  and  clear  quartz. 
The  thickness  of  the  gold  bearing  stratum  is  from  one  to 
two  feet. 

The  origin  of  the  gold  here  is  to  be  sought  in  the  thin 
seams  of  quartz  (formerly  pyritous)  between  the  layers  of 
slate.  The  gold  content  of  the  pyritous  quartz  has  been 
distributed  in  the  clays  resulting  from  the  decomposition  of 
the  slates. 

I  remark  here 

1.  No  gold  has  been  found  in  the  soft  slatqp  which  are 
free  of  gravel. 

2.  The  quartz  seams  themselves  show  free  gold  in  the 
pan  now  and  then. 

3.  The  clays  resulting  from  the  decomposition  of  the 
slates  are  of  two  sorts,  a  soft  smooth  clay  with  no  gravel  and 
no  gold,  and  a  sandy,  gravelly  clay  with  many  angular  pieces 
of  quartz  and  half  decomposed  pyrite,  carrying  free  gold. 

4.  The  unfailing  association  of  the  gold  with  black  iron 
sand  and  quartz,  with  occasional  fragments  of  pyrite,  points 
to  the  pyritous  quartz  seams  as  the  origin  of  the  gold. 

Although  gold  is  to  be  found  in  nearly  every  little  branch 
running  into  Mulberry  Creek,  in  the  vicinity  of  Honeycutt's 
mill,  yet  I  do  not  think  that  it  occurs  in  sufficient  quantities 
to  warrant  any  further  investigation.  The  gravel  in  which 
it  is  found  is  not  continuous  nor  is  it  rich  enough  at  any 
place  that  was  examined  for  it,  to  be  considered  more  than 
an  interesting  distribution  of  the  metal.  This  is  the  most 
western  point  at  which  gold  has  been  found  in  situ,  and  its 
association  with  quartz  and  pyrite  is  but  another  proof  of 
the  close  companionship  of  these  minerals  in  the  Southern 
gold  fields. 
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Between  Honeycutt's  Mill  and  Clanton  I  observed  no  ex- 
posure of  the  underlying  rocks ;  they  are  doubtless  overlaid 
by  the  Tuscaloosa  clays  which  extend  in  an  unbroken  sheet 
across  the  State  from  Tuscaloosa  to  ythe  south-east,  obscur- 
ing the  crystalline  rocks  entirely  except  where  some  stream 
has  cut  its  way  through. 

On  the  west  side  of  the  Louisville  and  Nashville  Railway 
the  crystalline  rocks  are  but  seldom  seen,  as  I  went  carefully 
over  that  part  of  Chilton  County  almost  to  the  Autauga 
line  without  seeing  any  sign  of  them  at  all.  None  of  the 
wells  dug  in  that  part  of  the  county  have  penetrated  to  the 
old  rocks,  although  some  of  them  have  been  sunk  through 
forty  and  fifty  feet  of  soil  and  clay.  The  Tuscaloosa  clays 
must  be  more  than  one  hundred  feet  in  thickness  in  this 
part  of  the  State,  in  certain  localities  doubtless  nearer  two 
hundred  feet  than  one  hundred.  No  gold  is  to  be  found  in 
that  part  of  Chilton  County  below  Clanton  and  on  the  west 
of  the  L.  &  N.  R'^,  which  demands  a  more  detailed  examina- 
tion. Near  Verbena,  a  station  on  the  Railway  below  Clan- 
ton, some  prospecting  for  gold  was  carried  on  many  years 
ago,  but  no  evidence  could  be  found  that  it  was  profitable  or 
even  encouraging.  Some  isolated  placer  washings  may  still 
be  heard  of  but  I  do  not  think  that  we  need  pause  to  con- 
sider them.  This  part  of  the  county  is  not  to  be  regarded 
as  a  gold  district,  for,  it  is  not  until  we  reach  the  old  Rip- 
patoe  Mines  near  the  Coosa  River  that  we  come  upon  any 
sound  basis  for  even  a  preliminary  testing. 

About  one-half  a  mile  north  from  Verbena,  at  the  old 
Floyd  MilJ,  there  is  a  fine  out  crop  of  micaceous  hornblende 
schist,  tough  and  well  crystallized.  It  strikes  N.  50°  £. 
and  dips  15  degrees  S.  £.  It  is  found  also  on  the  west  side 
of  the  L.  and  N.  R'y  one  mile  S.  W.  of  Verbena  and  there 
disappears  beneath  the  clays. 

WILLIAM    HOWARD'S. 

In  the  S.  W.  ±  of  Sec.  29,  T.  21,  R.  16  E.,  Chilton  County, 

at  Wm,  Howard's,  there  is  a  good  exposure  of  quartz  inter- 
stratified  with  clay  slate.     It  is  of  the  sugary  variety,  very 
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white  and  granular.  A  sample  taken  from  a  vein  of  eight 
inches  thickness  at  Howard's  gate  gave  in  gold  $6.20.  A 
vein  of  similar  appearance,  however,  at  Tom  Howard's  in 
Sec.  29,  T.  21,  K.  16  E.^gave  only  $2.06  per  ton. 

I 

ROCKY   CREEK. 

On  Rocky  Creek,  in  Sec.  30,  T.  21,  R.  16  E.,  Chilton 
county,  two  miles  east  of  Verbena,  extensive  washings  for 
gold  have  been  carried  on  in  the  gravel.  Heavy  ledges  of  a 
dark,  fine  grained  hornblende  schist,  carrying  biotite,  cross 
the  creek,  bearing  N.  15°  E.  and  dipping  20  degrees  to  the 
S.  E.  These  schists  enclose  bands  of  quartz,  in  places  some- 
what pyritous,  which  are  rarely  of  greater  thickness  than  a 
few  inches.  In  the  immediate  vicinity  of  the  quartz  seams 
the  schists  are  harder  and  more  crystalline.  The  gold 
gravel  underlies  the  soil  at  depths  varying  from  3  to  6  feet 
and  extends  on  both  sides  of  the  creek  for  about  one  hun- 
dred yards.  It  is  rarely  more  than  twelve  inches  in  thick- 
ness and  is  composed  of  rounded  peices  of  reddish  quartz 
from  one-half  inch  diameter  to  six  inches.  The  pay  gravel 
lies  on  a  greenish  clay  slate.  Rocky  Creek  runs  in  a  gen- 
eral N.  E.  course  and  the  quartz  seems  bear  in  the  same 
direction.  The  shifting  of  the  creek  bed  from  side  to  side 
has  doubtless  distributed  the  gold  gravel  over  the  area 
mentioned. 

William  Howard,  an  experienced  gravel  washer  of  the 
vicinity,  told  me  that  in  about  ten  weeks  he  himself  had 
obtained  $200  worth  of  gold  along  Rocky  Creek;  in  one  day 
securing  $19,  The  only  apparatus  used  was  the  pick  and 
pan.  This  was  twenty  years  ago.  Per  contra,  he  says  that 
a  few  years  ago  a  stray  miner  worked  there  two  months  and 
got  only  $60. 

Rocky  Creek  would  not  afford  sufficient  water  for  exten- 
sive operations,  and,  besides  the  pay  gravel  appears  to  have 
been  pretty  well  worked  over.  A  considerable  amount  of 
work  has  been  done  along  the  Creek  from  first  to  last,  but 
none  within  the  last  twenty  years.     Most  of  the  work  was 
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done  before  1860,  when  through  this  part  of  the  State  there 
was  much  interest  shown  in  gold  mines  and  especially  in 
placer  mines.  I  saw  no  evidence  of  the  existence  of  a  work- 
able seam  of  quartz  on  Rocky  Greek  near  the  old  workings. 
At  Howard's  there  is  a  better  prospect  for  quartz  mining 
than  on  Rocky  Greek,  for  the  existence  of  gold  bearing 
sugary  quartz  at  Wm.  Howard's  is  an  encouraging  sign.  It 
does  not  seem  to  me  that  Rocky  Greek  will  afford  pay 
gravel  in  sufficient  amount  and  of  sufficient  richness  to  war- 
rant any  extensive  investigations.  Doubtless  a  considerable 
amount  of  gold  was  obtained  along  the  creek  fifty  years  ago 
with  the  simple  appliances  then  in  use,  such  as  the  pan, 
cradle,  and  Long  Tom.  The  best  of  it  has,  however,  been 
thoroughly  worked  so  that  it  is  now  difficult  to  find  a  place 
from  which  good  panning  can  be  had. 

THE   RIPPAT0E   MINE. 

This  famous  property  is  situated  in  Sec.  17,  T.  21,  R.  16 
E.,  Chilton  County.  It  was  extensively  worked  prior  to 
1860,  work  having  been  begun  here  as  early  as  1835  and 
continued  with  but  little  interruption  for  twenty-five  years. 
By  far  the  greater  amount  of  placer  mining  carried  on  west 
of  the  Coosa  River  has  been  done  at  this  place. 

The  gravel  lies  on  both  sides  of  Blue  Greek  and  is  of  the 
same  nature  as  the  Rocky  Greek  gravel.  For  a  mile  up  the 
creek  from  Jas.  Mims's,  on  both  sides,  there  are  innumera- 
ble old  pits,  trenches  and  ditches.  These  are  now  so  fallen 
in  that  1  had  to  sink  two  new  pits  in  order  to  examine  the 
gravel  at  all.  Following  is  a  vertieal  section  of  a  pit  in  the 
bottom  of  which  we  came  upon  a  layer  of  auriferous  gravel, 
very  poor  but  of  the  same  character  as  the  richer  gravel,  as 
I  was  informed  by  Wm.  Howard : 
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Vertical  Section  to  Gravely  Rippatoe  Mines, 


/ 


Soil  and  Sandy  Clay,  2  ft 


Soft  reddish  clay,  inclining  to 
bluish  green  at  bottom,  3  ft. 


i 


Stiff,  bluish  clay,  a  sort  of  pipe 
clay,  3  ft. 


Gold  gravel,  1  foot. 


9  ft. 


The  gravel  is  imbedded  in  a  reddish  clay,  at  times  some- 
what indurated,  but  generally  of  a  loosely  compacted  nature,, 
yielding  readily  to  the  pick  and  shovel.  From  Wm.  Howard 
and  others  who  worked  at  these  diggings  I  ascertained  that 
the  gravel  was  generally  not  less  than  six  feet  beneath  the 
surface,  varying  from  this  depth  to  eight  and  even  nine  feet. 
As  the  deposit  neared  the  adjacent  hills  the  gold  became 
scarcer  and  the  gravel  thinner  and  at  greater  depth. 

A  great  deal  of  the  gold  obtained  was  found  in  the  run  of 
the  creek,  caught  against  upturned  edges  of  the  slate. 
Several  pieces  of  gold  valued  at  $1,  $5,  one  valued  at  $20 
and  one  at  $70  were  found  at  these  diggings.  It  is  impossi- 
ble at  this  time  to  give  any  reliable  estimate  of  the  amount 
of  gold  obtained  at  the  Rippatoe.  An  approximate  state- 
ment could  be  given  if  it  were  known  what  the  average 
yield  of  gold  per  bushel  of  gravel  was,  for  it  could  be  calcu- 
lated how  much  gravel  was  removed.     But  there  are  no 
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statistics  and  no  reliable  sources  of  information.  The  prop- 
erty was  not  worked  by  a  regularly  organized  company,  the 
different  gangs  of  men  were  associated  together  for  the 
more  economical  treatment  of  the  gravel,  they  kept  no  per- 
manent accounts,  disbanding  when  they  pleased  and  each 
going  its  own  way  without  regard  to  the  others.  From  first 
to  last,  however,  there  must  have  been  a  large  amount  of 
gold  removed.  The  extent  of  the  old  workings  proves  thaty 
for  in  those  days  when  the  miners  did  not  find  pay  gravel 
they  quit  and  went  to  some  other  place.  It  was  not  thd 
custom  to  spend  either  time  or  money  in  prospecting  on 
such  an  elaborate  scale.  There  was  enough  water  in  the 
creek  for  their  purposes,  although  not  enough  for  a  large 
business,  and  they  kept  at  work  in  a  small  way  for  many 
years,  accomplishing  in  the  twenty-five  years  an  astonishing 
amount.  When  the  California  gold  fever  came  upon  the 
country  most  of  these  miners  were  attacked  by  it  and  started 
for  that  Eldorado  forthwith,  and  there  has  been  no  gold 
washing  in  this  vicinity  worthy  of  mention  since  1855. 

Only  one  placer  mining  company  is  now  at  work  in  the 
State,  the  Arbacoochee,  in  Cleburne  Co.  I  have  not  visited 
the  place,  but  understand  that  of  late  a  better  gravel  has 
been  found  and  that  the  operators  are  hopeful  of  good  profits. 
Cleburne  County  belongs  to  the  Upper  Gold  Belt  and  I  have 
not  yet  visited  that  part  of  the  State,  and  can  not  therefore 
speak  of  my  own  personal  observation.  But  so  far  as  con- 
cerns the  old  placer  mines  of  the  Lower  Belt,  lower  Chilton, 
Coosa  and  Tallapoosa  Counties,  I  do  not  think  that  any  re- 
vival of  the  industry  is  likely  to  take  place.  The  best  gravel 
has  been  worked  over  as  with  a  comb  and  nothing  remains 
now  that  would  attract  capital,  for  it  requires  a  large  amount 
of  money  to  operate  such  washings  on  a  profitable  scale. 

At  the  Rippatoe  the  gold  was  derived  from  the  small 
quartz  veins  lying  between  and  in  micaceous  hornblende 
schists  and  clay  slates.  The  creek  has  cut  its  way  down 
through  the  schists  and  slates,  undermining  the  quartz  seams 
and  distributing  the  resulting  gravel  along  its  course.  The 
average  width  of  the  valley  along  which  the  gravel  is  found 
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is  less  than  two  hundred  yards,  in  linear  extent  three  quar- 
ters of  a  mile.    The  relation  of  the  gold  gravel  to  the  coun- 

« 

try  rocks  appears  to  be  as  follows : 

The  schists  themselves  are  pyritous  and  also  enclose  small 
seams  of  pyritous  quartz.  They  lie  to  the  Eastward  of  the 
clay  slates.  '  The  slates  are  softer  and  more  easily  broken 
down  by  atmospheric  agencies  and  by  running  water.  The 
schists,  overlying  the  slates,  are  in  this  way  undermined  and 
finally  give  down  more  or  less,  and  allow  their  quartz  seams 
to  be  distributed  as  gravel  along  the  bed  of  the  creek.  This 
result  is  accelerated  by  the  occurrence  of  thin  seams  of 
pyrite  between  the  quartz  and  the  schists.  In  places  the 
schists  are  so  impregnated  with  pyrite  that  it  can  be  seen 
plainly  with  the  naked  eye.  In  other  places  they  present 
the  appearance  of  a  true  gossan.  On  panning  there  is  always 
left  in  the  pan  a  mixture  of  black  iron  sand  with  small  frag- 
ments of  clear  quartz,  garnets  and  pyrite  more  or  less  de- 
composed. 

The  tendency  of  the  clay  slates  in  this  part  of  the  county 
to  present  the  appearance  of  a  gossan  is  shown  on  quite  a 
large  scale  on  the  road  from  Verbena  to  Higgins'  Ferry  about 
one  and  one- quarter  miles  from  the  Rippatoe  Mines.  At 
this  place  a  large  seam  of  brown  iron  ore  crosses  the  road 
and  can  be  traced  for  several  miles  in  a  N.  E.  and  S.  W. 
direction.  Some  samples  of  the  ore  are  very  good  and'  the 
outcrop  is  bold.  There  may  be  enough  of  this  ore  above 
water  level  to  justify  a  development  shaft  or  drift;  it  would 
appear  that  is  is  derived  from  the  infiltration  of  ferruginous 
waters  obtaining  their  iron  from  the  oxidation  of  pyrite.  I 
observed  numerous  cavities  of  pyrite  crystals  in  the  accom- 
panying quartz.  Several  years  ago  the  Sloss  Iron  and  Steel 
Co.  of  Birmingham  opened  a  deposit  of  this  ore  lying  four 
miles  north  of  this  place,  but  abandoned  the  undertaking 
after  going  to  considerable  expense  in  the  construction  of  a 
branch  road  from  the  L.  and  N.  Ry.  It  may  be,  however, 
that  the  lower  part  of  the  deposit  near  Rippatoe  is  of  better 
quality  and  in  greater  quantity. 
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On  the  land  of  James  Mims  in  Sec.  16  is  to  be  seen  the 
same  kind  of  gravel  accompanied  by  the  same  ferruginous 
slates  as  appear  on  the  Rippatoe  property.  Here  also  the 
gold  gravel  has  been  thoroughly  worked  over,  and  although 
a  considerable  amount  of  gold  was  obtained  prior  to  1860, 
nothing  of  consequence  has  been  done  since.  I  sampled  a 
small  seam  of  sugary  quartz  on  the  Rippatoe  place  near 
Tiernan's  house  below  James  Minis'  and  found  it  to  contain, 
in  gold,  $2.06  per  ton.  The  gravel  washings  at  the  Rippatoe 
have  been  practically  exhausted,  but  it  is  probable  that  by 
careful  investigation  workable  quartz  could  be  found.  The 
owners  of  the  land  should  have  it  examined  with  this  pur- 
pose, and  I  would  recommend  that  they  examine  especially 
the  western  part  of  the  property  towards  the  upper  waters 
of  Blue  Creek,  for  as  one  approaches  the  Coosa  River  the 
schists  become  much  coarser  and  the  dip  rises.  I  observed 
neither  gneiss  nor  granite  on  the  west  side  of  Coosa  River 
in  this  part  of  Chilton  County,  but  it  is  quite  noticeable  that 
the  granitic  and  gneissic  soils  begin  #  to  appear  in  Sec.  15, 
T.  22,  R.  16  E.  In  this  section  also  on  the  land  of  Jackson 
Mims  numerous  pieces  of  magnetic  iron  ore  have  been  picked 
np  on  the  surface.  Mr.  Mims  has  prospected  for  the  vein 
with  drift  and  shaft,  but  has  not  yet  com%  upon  it.  The 
magnetite  is  associated  with  a  coarse  hornblende  schist  car- 
rying mica  and  garnets.  No  gold  has  been  found  in  connec- 
tion with  it,  nor  in  fact  has  gold  been  found  on  Blue  Creek 
below  the  Rippatoe  place. 

Between  the  Rippatoe  and  Higgins5  Ferry,  about  one  half 
mile  from  the  ferry  gate,  there  crosses  the  road  a  seam  of 
iron  ore  partly  limonitic  and  partly  of  higher  oxidation.  It 
appears  to  have  been  derived  from  the  oxidation  of  pyrite 
and  the  infiltration  of  iron-holding  waters.  The  remains  of 
pyrite  crystals  are  to  be  seen  in  the  associated  quartz.  The 
seam  can  be  traced  for  a  quarter  of  a  mile,  but  does  not 
show  any  reliable  indication  of  increase^  richness.  A  similar 
ore  is  to  be  found  in  Coosa  County  also  as  in  Sec.  31,  T.  23, 
R.  20  E.  and  in  Sec.  1,  T.  22,  R.  19,  and  in  Sec.  6,  T.  23, 
R.  1°,  where  it  is  partly  converted  into  magnetite. 
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It  is  not  likely  that  extensive  deposits  of  good  ore  will  be 
found  where  the  evidences  of  the  recent  oxidation  of  pyrite 
are  so  numerous  and  so  unmistakable.  The  limonites  of  S. 
E.  Chilton  and  the  middle  and  Southern  Coosa  are  compara- 
tively of  recent  origin.  The  rocks  in  which  they  occur  are 
clay  slates  and  micaceous  graphitic  schists  more  or  less  im- 
pregnated with  pyrite.  The  rocks  themselves  may  be,  and 
doubtless  are,  of  the  Archaean  Age,  but  the  iron  ore  is  of 
far  more  recent  production,  resulting,  as  it  has,  from  the 
atmospheric  decomposition  of  pre-existing  beds  and  stringers 
of  sulphuret  of  iron.  Where  the  original  amount  of  pyrite 
was  very  great  or  where  local  causes  have  led  to  a  concen- 
tration of  the  iron  these  secondary  ores  are  of  value,  bnt  I 
can  not  speak  hopefully  of  these  ores.  They  do  not  seem 
to  me  to  exist  in  sufficient  quantity  for  commercial  purposes. 


/ 
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COOSA  COUNTY. 


ALUM   BLUFF. 


The  name  Alum  Bluff  is  given  to  a  bold  mass  of  micace- 
ous schist  and  quartz  rising  to  the  height  of  250  feet  above 
Hatchet  Creek,  near  its  mouth,  in  Sec.  35,  T.  22,  R.  16  E., 
Coosa  county.  The  schists  are  in  places  impregnated  with 
the  sulphates  of  iron  and  aluminum  arising  from  the  action 
of  the  sulphuric  acid  derived  from  the  oxidation  of  pyrite. 
The  so-called  Alum  forms  a  white  incrustation  on  the  surface 
of  the  bluff,  and  after  a  long  drouth  can  be  scraped  up  by 
the  handful.  It  occurs  most  plentifully  near  the  top  of  the 
bluff  opposite  a  large  pine  tree  standing  some  200  feet  above 
the  creek.  At  this  place  there  appears  a  heavy  seam  of 
bluish  crystalline  quartz  carrying  decomposed  pyrite.  It  is 
eight  feet  in  width,  strikes  N.  30  deg.  E.  and  dips  also  with 
the  schist  S.  E.  40  degrees.  A  sample  gave  to  Lagerfelt 
and  [Mills,  Birmingham,  Gold  0.60  ounce  per  ton,  silver, 
trace  and  was  therefore  worth  $15.40  per  ton.  A  sample  of 
the  walling  next  the  quartz  gave  in  gold,  0.35  ounce  and 
silver  0.10  ounce  per  ton  and  was  therefore  worth  $7.33 
per  ton.  v 

The  quartz  is  somewhat  cellular  and  the  sulphurets  for 
the  most  part  pretty  well  decomposed.  This  is  probably  a 
true  vein  and  is  well  worth  further  examination.  I  did  not 
observe  it  elsewhere  in  the  immediate  vicinity,  as  it  lies  in 
such  a  position  as  to  be  easily  covered  by  the  decomposing 
schists.  The  seam  could  be  easily  mined,  as  it  stands  well 
above  Hatchet  Creek  and  the  upper  two  hundred  £eet  of 
workings  would  be  self  draining.  I  was  unable  to  ascertain 
the  owner  of  the  property,  although  I  made  diligent  inquiry 
of  well  informed  persons. 


/ 
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GOLD  MINE  RIDGE. 

Sees.  1  and  2,  T.  21,  R.  16  E.,  Coosa  Co. 

Van  Zandt  and  Smith  prospected  for  copper  and  gold  on 
this  ridge  in  1855,  and  Col.  George  and  Jas.  L.  Tait  for  copper 
and  graphite  in  1872  and  1873. 

The  ore  is  quartz  held  in  a  micaceous  schist  and  carries 
\  graphite  and  pyrite.     I  secured  a  sample  from  a  four  foot 

seam  and  it  gave  to  Lagerfelt  and  Mills,  gold  0.15  ounce 
and  silver  0.25  ounce  per  ton  and  was  therefore  worth  $3.35 
per  ton.  A  considerable  amount  of  work  has  been  done 
here,  but  all  of  the  old  pits,  trenches,  &c,  have  fallen  in 
and  nothing  can  be  seen  of  the  seam  underground.  I  saw 
no  evidences  of  the  existence  of  copper  in  paying  quantities, 
and  the  ore  is  too  poor  in  gold  to  work  for  this  metal  under 
present  conditions. 

FLUNT   HILL. 

Sec.  17,  T.  22,  R.  16  E.,  Coosa  Co. 

Heavy  seams  of  crystalline  quartz  occur  here  in  talcose 
schist.  Of  four  samples  taken  only  one  showed  more  than 
a  trace  of  gold  and  this  one  contained  $4.13  per  ton. 

Flint  Hill  is  about  two  miles  above  Wm.  Hardy's  Mill  on 

Weoguffka  Creek.     At  the  foot  of  the  hill  coming  towards 

Hardy's  Mill  there  is  found  a  heavy  ledge  of  talco-micaceous 

schist  carrying  graphite  and  pyrite.    These  two  minerals  are 

•  so  closely  associated  in  the  same  rock  as  to  give  it  a  very 

odd  appearance.  Upon  fire  assay,  however,  I  found  no 
more  than  a  trace  of  gold  and  silver. 

In  this  part  of  the  county  many  people  have  sought  for  a 
valuable  silver  mine  said  to  have  been  worked  by  the  In- 
dians, but  concealed  by  them,  so  that  no  one  can  find  it. 
According  to  current  opinion,  the  mine  is  extremely  rich, 
having  furnished  the  Indians  with  untold  wealth  for  genera- 
tions. When  they  left  the  county,  some  sixty  years  ago, 
they  |paled  up  the  entrance  to  the  mine  with  heavy  rocks 
and  then  obliterated  all  traces  of  the  approaches  to  it.  This 
was  very  unkind,  for  they  had  no  reasonable  expectation  of 
returning  to  Coosa  County,  and  could  just  as  well  as  not 
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have  told  where  the  mine  was  and  how  they  obtained  the 
ore.  I  am  inclined  to  think  that  if  the  Indians  mined  silver 
in  this  part  of  Coo6a  County  they  had  first  to  convey  the 
ore  there  from  some  other  locality,  an  operation  by  no  means 
unheard  of,  it  is  true,  but  in  this  case  hard  to  believe. 

I  have  to  thank  Mr.  R.  0.  Hardy,  Dollar  P.  O.,  for  many 
courtesies,  especially  in  pointing  out  to  me  one  of  the  late 
Wm.Gessner's  Tin  Mines.  This  is  situated  in  the  S.  W.  Sec. 
24,  T.  22,  R.  16  £.  Some  excavations  have  been  made  here, 
and  Mr.  Hardy  informed  me  that  from  the  ore  obtained 
Gessner  got  3.50  per  cent  of  tin.  Mr.  Hardy  said  that  he 
was  with  Mr.  Gessner  when  he  took  the  samples  and  he 
gave  me  a  piece  of  the  ore  from  which  it  is  said  3.50  per 
cent  of  tin  was  obtained. 

The  ore  is  a  close  grained,  much  distorted  quartz  veinlets 
bound  in  hydro- mica  talcoid  schist.  No  extensive  investi- 
gation has  been  made  at  this  place. 

During  my  stay  in  this  part  of  Ooosa  County  I  was  the 
recipient  of  many  kindnesses  from  Mr.  Frank  Higgins,  who 
owns  the  Higgins  Ferry  and  a  great  deal  of  the  best  land 
along  the  river  contiguous  to  the  Ferry.  I  desire  to  express 
here  my  obligations  to  him  and  the  various  members  of  his 
family.  It  is  always  a  pleasure  to  meet  wide  awake,  intelli- 
gent men  who  are  interested  in  the  development  of  the 
cotfntry. 

The  photograps  taken  in  Chilton  County  and  in  this  part 
of  Coosa  County  were  unfortunately  lost  in  shipment  to  Tus- 
caloosa, so  that  no  views  can  be  given  of  the  Rippatoe  or 
the  Alum  Bluff. 

R0CKF0RD. 

Between  Higgins'  Ferry  and  Rockford,  the  county  seat  of 
Coosa  County,  one  sees  the  same  schists  and  slates  as  occur 
on  the  west  stde  of  Coosa  River,  but  the  dip  is  steeper  and 
the  texture  coarser.  About  two  and  a  half  miles  from 
Rockford  there  are  found  for  the  first  time  ledges  of  a  very 
coarse,  friable  graphite,  having  the  same  course  as  the  coun- 
try rock  and  approximately  the  same  dip.    They  alternate 
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with  the  schists  and  slates  and  extend  to  the  south  western 
part  of  Coosa  County,  where  they  cross  the  river  and  aie 
found  at  and  near  Wetumpka,  assuming  here,  as  also  toward 
the  north  east  part  of  the  county,  a  closer  grain  and  firmer 
texture.  At  Goodwater,  a  station  on  the  Columbus  and 
Western  Railway,  in  the  north  east  part  of  the  county,  the 
granite  becomes  much  harder  and  is  -suitable  for  building 
purposes.  Lying  in  immediate  proximity  to  the  granite  to- 
wards the  east  there  occur  ledges  of  a  coarse  graphitic 
schists  carrying  thin  seams  of  quartz  and  pyrite,  and  con- 
forming in  dip  and  strike  to  the  contiguous  rocks.  At  times 
these  quartz  seams  become  quite  large,  as  in  the  W.  -$-  S.  W. 
i  Sec.  14,  T.  22,  R.  18,  onerand  a  half  miles  west  of  Rock- 
ford,  where  one  of  ten  feet  in  width  may  be  seen  between 
two  ledges  of  granite.  This  quartz  carries  tourmaline  and 
tantalite,  considerable  fragments  of  this  latter  mineral  hav- 
ing been  found  on  the  surface  of  the  ground  during  the  last 
ten  years.  A  piece  weighing  16  ounces,  now  in  the  Geo- 
logical Museum  at  the  University  of  Alabama,  was  obtained 
here  besides  many  smaller  pieces.  It  occurs  in  scattered 
fragnients  and  occasionally  imbedded  in  quartz. 

(For  Prof.  Tuomey's  description  of  the  metamorphic  rocks 

and  the  granite  of  Coosa  County,  see  Appendix  C.) 

In  immediate  association  with  a  ledge  of  coarse  granite,  a 
quarter  of  a  mile  north  east  of  the  tantalite  locality.  I  picked 
up  from  the  surface  of  the  ground  nearly  two  pounds  of 
Cassiterite,  the  oxide  of  tin,  some  of  the  crystals  measuring 
half  an  inch  across  the  face  and  exhibiting  an  excellent 
crystallization.  Dr.  Eugene  A.  Smith,  State  Geologist,  was 
the  first  to  examine  this  locality  for  tin,  which  he  did  in  or 
about  1880.  In  1884  Hon.  John  S.  Bentley,  Probate  Judge 
in  Coosa  County  for  18  years,  sent  a  box  of  minerals  from 
Coosa  County  to  the  elder  Dr.  Chas.  Shepard,  in  which  were 
some  crystals  he  thought  were  cassiterite.  In  his  reply  Dr. 
Shepard  told  him  to  look  out  for  tin.  In  the  American  Jour- 
nal of  Science  for  1884  will  be  found  a  brief  mention  of  the 
matter.  Here,  however,  it  rested.  No  one  had  examined  the 
place  critically,  and  it  seems  to  have  been  forgotten  that  tin 
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had  been  found  there.  The  honor  of  the  discovery  belongs  to 
Dr.  Smith.  The  only  share  I  have  in  the  matter  is  the  farther 
identification  of  the  crystals  as  cassiterite  and  the  securing  of 
the  largest  quantity  of  tin  ore  as  yet  obtained  in  this  State,, 
about  two  pounds  of  pure  crystals.  I  say  pure  crystals,  for 
I  sent  a  sample  to  A.  It.  Ledoux  &  Co.,  9  Cliff  St.,  N.  Y.,  for 
analysis,  while  I  was  still  in  the  field,  and  received  a  report 
from  the  firm  that  the  crystals  contained  78.19  per  cent,  of 
tin,  theory  requiring  78.68  per  cent. 

Investigations  are  now  being  conducted  in  this  locality, 
and  it  is  hoped  that  before  long  some  interesting  results  will 
be  reached.  My  attention  was  drawn  to  the  matter  first  by 
Judge  Bentley,  whom  I  visited  at  his  house  near  Rockfordr 
Aug.  4th,  1891,  and  again  on  Aug.  13th  and  14th.  He  told 
me  of  the  occurrence  ot  tin  ore  on  his  land  and  I  examined 
the  place  August  5th,  and  again  on  the  14th  with  his  sonr 
William  H.  Bentley,  the  Judge  at  that  time  being  unable  to 
walk,  having  been  stricken  with  paralysis  in  1887.  For 
more  than  twenty  years  he  had  been  a  most  indefatigable 
investigator  of  the  mineral  wealth  of  the  county,  and  indeed 
while  I  was  there,  although  he  could  not  take  a  single  step 
nor  help  himself  into  and  out  of  his  chair,  he  had  his  servant 
to  place  him  in  his  buggy  and  went  with  me  over  a  consid- 
erable part  of  the  district. 

Judge  Bentley  was  a  remarkable  man ;  always  alive  to  the 
best  interests  of  the  county,  popular  with  all  classes  of  citi- 
zens. His  untimely  death,  which  occurred  in  January,  1892, 
removed  from  Coosa  County  one  of  the  best  of  men  as  also 
one  of  closest  observers  of  natural  phenomena  I  have  ever 
had  the  privilege  of  knowing.  I  can  not  allow  this  oppor- 
tunity to  pass  without  expressing  sincere  regret  that  he  was 
taken  away  at  this  time,  although  such  a  digression  may  ap- 
pear out  of  place  in  a  report  of  this  nature.  The  State  can 
ill  afford  to  lose  such  men. 

In  the  same  section  with  the  tantalite  and  cassiterrite 
i.  e.  Sec.  14,  T.  22,  R.  18,  on  Judge  Bentley's  land,  is  found 
an  outcrop  of  brown  iron  ore.  It  shows  three  feet  of  fair 
ore  in  a  trench  across  the  strike,  but  does  not  appear  ex- 
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tensive  enough  to  warrant  hopes  of  a  workable  deposit.  It 
seems  to  be  merely  a  gossan,  as  the  inclosing  slates  are  in 
many  places  impregnated  with  pyrite  in  various  stages  of 
decomposition. 

In  the  bed  of  the  Gin-house  branch,  as  also  in  the  Carroll 
and  Pole  branches,  contiguous  to  this  locality,  gold  has  been 
obtained  by  washing.  The  gold  is  derived  from  the  quartz 
seams  held  in  the  slates  and  is  now  associated  with  the 
gravel  resulting  from  the  breaking  down  and  distribution  of 
the  quartz.  I  do  not  think  that  the  gravel  is  worthy  of  any 
extensive  examination,  although  it  may  be  that  some  of  the 
quartz  seams  carry  enough  gold  to  warrant  investigation. 

Almost  within  the  limits  of  the  town  of  Rockford  is  an 
old  pit  sunk  forty  or  fifty  years  since  for  gold.  The  ore  is 
quartz,  walled  in  slate,  strike  N.  3°  £.,  dip  S.  E.  40,  width 
of  seam  0  feet.  A  sample  taken  from  the  old  dump  gave 
on  fire  assay : 

no.  i3ii.  jgjj^; ;;;;;;;;; ; tlo  11.  \  Value  Per  ton>  *12  40- 

It  was  worked  several  years  ago  by  Mr.  Lewis  Parsons,  of 
Birmingham,  with  but  little  success  so  far  as  could  be 
learned.  When  first  opened  the  ore  was  roughly  crushed 
and  washed  at  a  small  stream  near  by  with  some  profit.  It 
is  often  the  case  that  such  seams  near  the  surface,  where 
atmospheric  agencies  have  been  at  work  for  ages,  will  yield 
enough  gold  by  the  simplest  processes  to  pay  for  the  labor 
and  give  more  or  less  of  a  profit  besides.  But  as  the  ore 
becomes  harder,  and  more  especially  when  sulphurets  begin 
to  appear,  as  is  almost  universally  the  case,  the  crude 
methods  of  fifty  years  since  will  not  suffice.  This  is  the 
main  reason  why  so  many  abandoned  pits,  shafts,  &c,  are 
to  be  seen  in  all  parts  of  the  gold  belt. 

Near  Hissop  postoffice,  on  the  land  of  F.  M.  Darsey,  I 

observed  a  close  grained  granite  in  association  with  a  highly 

metamorphosed  clay  slate,  in  Sec.  14,  T.  22,  R.  19,  Ooosa 

County.    Mr.  Darsey  afterwards  sent  me  a  sample  of  cellular 

quartz  from  near  this  place  but  it  contained  ouly  $2.06  in 
gold  per  ton.* 

*Fair  crystals  of  Beryl  are  found  near  Hissop. 
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On  the  land  of  E.  M.  Thomas  (Hissop  P.  O.)  in  Sec.  11, 
T.  22,  R.  19,  is  a  heavy  ledge  of  a  highly  graphitic  schist  in- 
closed between  walls  of  coarse  granite.  Mr.  Thomas  in- 
formed me  that  a  few  years  ago  he  roasted  and  smelted 
some  of  this  schist  in  a  black-smith's  forge  and  obtained 
from  one  pound  of  the  rock  35  cents  worth  of  silver.  This 
silver  he  had  made  into  a  collar  button  and,  as  proof  that 
the  rock  contained  silver  and  that  he  had  extracted  it,  he 
exhibited  the  button.  I  took  samples  of  the  schist  from  the 
same  spot  which  was  said  to  have  yielded  the  silver  but  on 
fire  assay  it  failed  to  show  more  than  the  merest  trace  of 
gold,  with  no  silver.  As  the  schist  is  pyritous  the  gold  may 
be  contained  in  the  pyrite,  but  certainly  it  is  difficult  to  be- 
lieve that  from  this  rock  any  one  had  obtained  silver  on  the 
scale  of  $700  per  ton.  From  near  the  same  locality  I  took 
a  sample  of  bluish-green  mud  which  Mr.  Thomas  also  as- 
sured me  contained  silver,  as  he  had  himself  run  it  out.  On 
fire  assay  it  gave  the  merest  trace  of  metal. 

On  the  land  of  Harris  MoKinney,  in  Sec.  6,  T.  23,  R.  19, 
and  also  in  Sec.  1,  T.  22,  R.  19,  Coosa  County,  there  is  said 
to  occur  a  seam  of  magnetite.  I  examined  the  same  seam 
in  Sec.  31,  T.  23,  R.  19,  at  Mr.  McKinney's  house,  where 
small  peices  of  a  slightly  magnetic  brown  ore  are  found  on 
the  surface,  but  I  am  not  of  the  opinion  that  magnetite  in 
any  quantity  will  be  found  in  the  vicinity.  The  ore  is  de- 
rived from  the  oxidation  of  local  seams  of  pyrite  in  the 
schists  and  slates  and  even  now  pyrite  may  be  observed  in 
immediate  proximity  to  the  ore.  *I  obtained  at  Mr.  McKin- 
ney's house  a  peice  of  sugary  quartz  representing  a  seam 
said  to  be  on  his  land.     On  assay,  however,  it  gave : 

no.  1309.  {gSr:::::::::S£.Mj  ™ue  p*r  *>n>  *± 13- 

The  road  from  Rockford  to  Kelly  ton  runs  for  14  miles  in 
a  course  a  little  N.  of  E.  Many  ledges  of  coarse  granite  are 
crossed,  alternating  with  bands  of  slate  and  graphitic  schist 
carrying  in  places  evident  signs  of  pyrite.  This  mineral 
seems  to  have  been  pretty  well  distributed  in  these  slates 
and  schists,  almost  any  peice  of  rock  which  has  not  suffered 
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atmospheric  decomposition  will  exhibit  small  crystals  of 
pyrite.  In  certain  localities  where  the  pyrite  was  to  some 
extent  concentrated  and  where  it  has  been  decomposed  there 
will  be  found  fair  indications  of  brown  ore.  I  have  seen 
seams  of  three  feet  and  more  in  thickness  and  apparently 
indicative  of  a  workable  deposit.  While  pyritous  quartz 
and  even  pyritous  slates  do,  in  some  places,  suffer  so  great 
a  decomposition  as  to  allow  of  the  utilization  of  the  residual 
oxide  of  iron,  yet  I  do  not  think  that  the  seams  of  brown  ore 
in  this  part  of  Coosa  County  will  be  found  to  be  of  this 
kind.  The  same  opinion  has  already  been  expressed  as  to 
the  brown  ore  of  southeast  Chilton,  for  while  the  amount 
of  visible  ore  there  rs  far  greater  than  in  any  part  of  Coosa 
County  visited,  still  it  has  been  derived  from  the  enclosing 
slates  in  the  same  manner  and  is,  in  my  opinion  merely  the 
residue  of  probably  much  more  extensive  seams  now  re- 
moved  by  erosion.  I  would  not  be  understood  as  saying 
that  ores  derived  from  the  enclosing  rocks  are,  per  se,  and 
for  this  very  reason  unreliable.  The  elaborate  and  most 
conclusive  researches  of  Sandberger,  von  Cotta  and  otherb 
have  long  since  established  that  many  of  the  most  valuable 
ores  are  thus  derived,  notably  the  ores  of  the  precious  metals. 
But  there  are  ores  and  ores,  conditions  of  enclosure  favora- 
ble to  richness  and  conditions  unfavorable,  and  it  seems  to 
me  that  in  the  case  of  all  the  brown  ores  mentioned  in  this 
report,  we  have  the  latter  set  of  conditions.  I  am  aware 
that  this  view  of  some  of  these  brown  ores  is  not  held  by 
some  men  whose  opinions  'are  worthy  of  consideration,  but 
an  acquantance  with  the  brown  ores  of  this  State,  North 
Carolina  and  Kentucky  warrants  me  in  taking  the  position 
occupied. 

It  was  hoped  that  during  the  progress  of  the  survey  some 
indications  of  the  existence  of  workable  iron  ore  would  be 
found  in  this  part  of  Coosa  County ;  that  is,  from  the  Coosa 
River  through  Rockford  to  the  line  of  the  Columbus  and 
Western  Railway ;  but  none  were  found,  although  to  the 
eastward  of  Rockford  three  lines  of  investigation  were  car- 
ried on.    One  from  Rockford  to  Kellyton  along  the  mail 
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"  route,  one  from  Rockford  to  Alexander  City  by  the  lower 
road,  and  one  to  the  south  east  part  of  the  county  in  the 
vicinity  of  Equality  P.  O.  and  beyond  into  Elmore  County 
four  miles.  This  last  named  examination  was  conducted  by 
Mr.  E.  E.  Newton,  a  recent  graduate  of  the  University  of 
Alabama,  who  was  with  me  as  a  volunteer  assistant.  Not 
only  were  no  iron  ores  of  any  importance  fo'und,  but  with 
the  exception  of  the  Alum  Bluff  and  the  Rockford  Mine,  the 
quartz  examined  yielded  mere  traces  of  gold  and  silver.* 
In  my  opinion,  the  more  northern  portions  of  Coosa  County 
will  probably  be  much  more  productive  of  gold  ores  than 
the  middle  and  southern  portions.  (See  appendix  C.)  It 
was  my  intention  to  return  through  this  part  of  the  county 
later  in  the  summer  and  to  remain  there  ior  some  time,  but 
the  serious  illness  of  a  member  of  my  family  compelled  me 
to  abandon  the  survey  bdfore  this  could  be  done. 

That  portion  of  Chilton  County  lying  north  of  Clapton, 
and  east  of  the  Louisville  and  Nashville  Railway,  was  also 
to  have  been  examined  later  in  the  summer,  but  for  the 
same  reason  had  to  be  left  to  6ome  future  survey.  This  re- 
port is  to  be  taken  as  a  reconnoissance  of  the  Lower  Gold 
Fields,  to  mark  out  those  portions  of  the  Field  that  are 
worthy  of  a  more  extended  examination,  so  that  in  the  fu- 
ture the  energies  of  the  Corps  should  be  spent  upon  ores 
that  can  be  worked  at  a  profit.    That  such  do  exist  in  this 

in  ■         - — ■       ■  i  — 

*No.  1,325.     Reddish  crystalline  quartz*  showing  free  Sulphur  from  land 
of  Mrs.  Nancy  Bryant,  Sec.  29,  T.  21,  R.  20,  Coosa  County. 

Gold )  Trarpa 

Silver ]   traces. 

No.  1326.     Sugary  quartz,  Equality  P.  O.,  Sec.  31,  T.  21,  R.  20,  Coosa 

County. 

Gold )  *!*.._-_ 

Silver f  Trace8' 

No.  1327.     Sugary  quartz,  Sec.  18,  T.  22,  R.  17,  Coosa  County. 

Gold — 1-10  oz  per  ton. 

Silver — trace.     Value  per  ton,  $2  06. 
No.  1328.     Sugary  quartz,  Sec.  28,  T.  25,  R.  20,  Coosa  County. 

£°ld; [  Traces. 

Silvei.    ...  J 

Nos.  1,321  to  1,324,  inclusive,  are  assays  of  reddish  crystalline  quartz,. 

from  the  land  of  J.  W.  Willingham,  in  Sec.  10,  T.  20,  R.  4,  Elmore 

County,  but  only  one  showed  more  than  traces  of  gold  and  silver, 

and  that  one  contained  1  10  oz.  of  gold  per  ton  ;  value  per  ton  $2.06. 
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Field  is  to  my  mind  beyond  question,  and  I  think  I  know 
something  of  the  conditions  of  gold  mining  along  the  Appa- 
lachian Range.  It  is  my  deliberate  opinion  that  Alabama  of- 
fers great  inducements  to  the  gold  miner,  and  that  capital  ju- 
diciously invested  and  economically  administered  in  the  ex- 
traction of  the  precious  metals  would,  in  this  State,  find  am- 
ple returns. 
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TALLAPOOSA  COUNTY. 

t 

I  propose  now  to  discuss  that  part  of  the  Lower  Gold  Field 
which  seems  to  me  to  offer  these  inducements  and  to  hold 
out  these  promises  of  profitable  investment. 

I  refer  to  Tallapoosa  County,  long  known,  with  Cleburne 
County,  as  the  scene  of  the  greatest  development  in  gold 
mining  to  be  met  with  in  the  State,  a  place  famous  among 
the  placer  miners  and  quartz  crushers  of  fifty  years  ago,  and 
which  has  yielded  a  large  part  of  the  gold  credited  to  the 
Southern  States  between  the  years  1830-1850. 

In  the  adventures  of  Captain  Simon  Suggs,  written  to  de- 
scribe the  truly  remarkable  experiences  of  this  truly  remark- 
able person,  Johnston  Hooper  incidentally  mentions  a  cir- 
cumstance which  bears  upon  the  history  of  the  gold  fever  in 
this  part  of  Alabama.  The  Captain  had  bargained  for  a  cer- 
tain piece  of  land  belonging  to  a  Creek  widow.  When  the 
time  for  payment  drew  near  he  found  himself  without  the 
necessary  funds  to  complete  the  trade,  a  condition  of  affairs 
by  no  means  uncommon  with  him.  Other  speculators  de- 
sired the  same  piece  of  land,  and  offered  the  widow  much 
more  than  the  Captain  had  agreed  to  pay,  but  she  steadfastly 
refused  to  deal  with  any  one  but  with  her  friend,  Captain 
Suggs.  She  was  beset  on  every  side,  but  nothing  could  be 
done.  It  was  known  to  the  others  that  the  Captain-had  no 
funds,  and  they  supposed  that  in  the  end  he  would  be  forced 
to  say  so,  when  they  expected  to  come  in  for  something 
good.  The  Captain  disappeared  from  the  Post  for  several 
days,  and  no  one  knew  what  had  become  of  him,  although 
he  intimated  that  he  was  going  to  borrow  some  money  from 
a  friend.  Finally  when  the  widow  seemed  upon  the  point 
of  concluding  that  he  had  left  the  country  and  was  about  to 
sell  the  land  to  some  one  else,  he  rode  up,  dismounted  and 
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joined  the  crowd  with  an  enormous  pair  of  saddle-bags  on 
his  arm,  heavily  laden.  The  speculators  at  once  concluded 
that  he  had  "struck  it  rich,"  as  the  saying  was  and  is  to  this 
day ;  there  was  no  telling,  gold  was  plentiful  then  and  many 
good  nuggets  had  been  found,  and  many  a  fifty  pounds  of 
ore  that  would  pay  for  the  land  many  times  over.  They  at 
once  came  to  terms  and  bought  from  him  the  coveted  quar- 
ter section  for  two  and  a  half  times  what  he  had  agreed  to 
pay  for  it.  When  the  bargain  had  been  firmly  arranged  and 
the  money  paid,  he  quietly  threw  out  from  the  saddle-bags 
a,  lot  of  worthless  rocks  picked  up  along  the  road.  All  this 
happened  in  what  was  then  Tallapoosa  County  about  the 
year  1835,  and  illustrates  in  a  striking  manner  the  rage  for 
speculation.  The  throwing  open  of  much  valuable  land  for 
settlement,  consequent  upon  the  removal  of  the  Creek  Na- 
tion, was  responsible  for  much  of  it,  but  the  genuine  gold 
fever  is  to  be  credited  with  the  greater  part. 

It  is  most  unfortunate  that  no  reliable  statistics  of  the 
number  of  miners,  or  the  yield  of  gold  or  the  cost  of  the 
operations  are  now  to  be  had,  but  from  the  trustworthy  tra- 
dition and  from  what  I  have  myself  seen  over  a  large  part 
of  the  district  in  question,  there  can  be  no  doubt  of  the  ac- 
tivity that  prevailed  at  that  time  among  the  gold  miners  in 
Alabama.  It  is  said  that  in  the  adjoining  county  of  Cleburne 
the  town  of  Arbacoochee,  now  containing  less  than  three 
hundred  people,  had  in  1845  some  five  thousand  inhabitants. 
Prom  1830  to  1850  the  prospector  was  a  familiar  figure  along 
the  roads  and  among  the  hills  of  Tallapoosa. 

GOLDVILLE    BELT. 

From  Hillabee  Bridge,  six  miles  east  of  Alexander  City, 
to  and  beyond  Goldville  for  a  distance  of  14  miles,  an  almost 
Unbroken  line  of  pits,  trenches  and  shafts  bear  witness  to-day 
of  the  great  amount  of  work  done  prior  to  1855.  A  mere 
enumeration  of  some  of  these  old  workings,  which  may  be 
seen  and  in  part  explored,  even  now  will  show  to  what  ex- 
tent these  operations  were  conducted.     Thus,  from  a  point 
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half  a  mile  above  the  bridge  to  the  Birdsong  Pits  beyond 
Goldville,  we  have 

Section,  Township,  Range. 

UlrichPits 8  23  22 

Mahan  Pits 4  23-  22 

Croft  Pits 34  24  22 

Stone  Pits 34  24  22 

Ealy  Pits 26  24  22 

Log  Pits  (Tog  Pits  is  incorrect.)...  24  24  22 

Houston  Pits 18  24  23 

Goldville  8  24  23 

Germany  Pits 8  24  23 

Jones  Pits 5  24  23 

Birdsong  Pits 4  24  23 

These  by  no  means  exhaust  the  list ;  there  are  others  which 
in  their  day  were  quite  as  well  known  and  quite  as  produc- 
tive, but  whose  exact  location  is  now  unknown. 

It  will  be  seen  by  consulting  any  map  of  Tallapoosa 
County,  or  the  new  State  map,  that  these  old  workings  fol- 
low each  other  in  the  order  given  from  south  west  to  north 
east.  They  do  not  appear  upon  either  map,  but  by  laying 
a  straight  edge  along  the  map  from  Alexander  City  to  Gold- 
ville, they  will  occur  in  almost  a  right  line,  the  Ulrich  Pits 
being  the  most  southwesterly  and  the  Birdsong  the  most 
northeasterly.  Of  the  history  of  these  mines'little  or  noth- 
ing is  known.  The  only  mention  of  any  of  them  which  I 
have  been  able  to  find  is  a  brief  note  by  Oscar  M.  Lieber,  in 
the  Second  Report  on  the  Geological  Exploration  of  the 
State  of  Alabama  by  M.  Tuomey,  published  in  1858. 

This  Report  was  posthumous,  and  was  edited  by  J.  W. 
Mallett,  now  the  distinguished  Professor  of  Chemistry  in 
the  University  of  Virginia.  He  says  in  his  Preface  that  the 
Report  was  drawn  up  by  Prof.  Tuomey  in  .November,  1855, 
and  was  presented  to  the  State  Legislature  at  its  Session  of 
1855-56.  The  information  it  contains  is  therefore  such  as 
was  available  prior  to  1855,  although  the  Report  was  not 
printed  until  1858.  On  page  64  of  this  Report  Prof.  Tuomey 
says  of  Goldville :     uThe  gold  mine  of  this  place  was  discov- 
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ered  in  1842,  and  was  worked  to  water  level.  The  most 
noted  portion  of  the  mine  was  known  as  the  tog  pit." 
(There  must  be  an  error  here,  for  Col.  B.  L.  Dean,  of  Alex- 
ander City,  who  has  known  that  district  very  well  for  thirty- 
five  years,  informed  me  that  the  name  of  'tog  pits'  was  en- 
tirely unknown  there.  Prof.  Tuomey  evidently  referred  to 
the  Log  Pits,  which,  however,  are  three  miles  south  west  of 
Goldville.  W.  B.  P.)  Prof.  Tuomey  continues :  uthe  richest 
part  of  the  vein  in  this  pit  (what  he  calls  the  tog  pit)  was 
from  4  inches  to  2  feet  thick.  It  was  quartz  in  talcose  slate, 
and  yielded  2£dwts.  to  the  bushel  of  ore.  The.  gold  was 
worth  90  cents  to  the  dwt.  Almost  $30,000  worth  of  gold 
was  extracted  from  this  pit,  and  from  this  the  proprietors 
received  in  addition  $80.00  in  silver.  The  history  of  this 
mine  is  like  that  of  all  Southern  gold  mines — the  total  want 
of  any  practical  system  of  operations."  This  mine,  Mr. 
Lieber  reports,  has  been  recently  re-opened.  "A  vein  has 
been  discovered  which,  from  its  curious  contortion,  is  called 
the  snake  vein.  In  the  south  side -of  the  shaft  it  is  poor,  but 
in  the  northern  side  it  yields  on  an  average  one  dollar  per 
bushel.  The  ore  is  a  friable,  porous,  ferruginous  quartz. 
The  country ,  is  talcose  slate,  decomposed  as  far  as  yet 
reached.  Numerous  other  veins  appear  on  the  same  prop- 
erty, and  properly  managed  success  may  be  anticipated. 
The  minerals  found  here,  besides  gold,  are  magnetic  iron 
sand,  native  sulphur,  garnets  and  mica.'9  Thus  far  Prof. 
Tuomey. 

As  to  the  Ulrich  Pits,  it  may  be  said  that  some  forty  or 
fifty  years  ago  a  German  named  Ulrich  had  a  vineyard  heie 
and  opened  the  gold  pits.  He  mined  and  crushed  in  a  crude 
way  a  considerable  amount  of  the  ore  and  is  said  to  have 
made  a  good  deal  of  money.  The  ore  is  a  free  milling  sugary, 
and  crystalline  quartz,  stained  with  oxide  of  iron,  and  held 
in  a  tough  micaceous  slate,  strike  North  30  deg.  East,  dip 
40  deg.  S.  E.  There  are  visible  six  seams  of  quartz,  the 
largest  six  feet  in  width  and  the  smallest  three  feet.  They 
are  separated  by  banda  of  slate,  and  the  entire  six  seams  are 
compriced  within  a  distance  of  three  hundred  feet.     They 
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outcrop  on  a  hill  above  Hillabee  Greek,  at  elevations  above 
the  creek  of  fifty  to  one  hundred  and  fifty  feet.  The  530 
foot  line  of  altitude  runs  at  the  bade  of  the  hill  at  the  creek. 
The  pits  are  now  fallen  in,  as  well  as  the  drifts,  but  the 
nearest  pit  to  the  creek  is  distant  three  hundred  feet.  There 
is  always  a  bountiful  supply  of  good  water  in  the  creek  and 
it  never  rises  to  the  first  opening.  All  of  the  work  done 
was  on  the  north  side  of  the  creek,  for,  although  the  creek 
cuts  all  of  the  seams,  nothing  has  been  done  on  the  south 
side.  Mr.  Ulrich  seems  to  have  cut  into  the  ore  while  ex- 
cavating a  wine  cellar.  The  deepest  pit  was  sunk  fifty  feet 
and  is  now  fallen  in  and  inaccessible  in  the  lower  levels. 
Several  dritts  were  started  in  to  cut  the  ore  at  depth  and  it 
was  found  to  be  of  good  quality.  While  a  considerable 
amount  of  ore  was  taken  out,  from  .first  to  last,  the  main 
body  was  hardly  touched,  and  there  still  remains  a  large 
amount  of  free  milling  quartz  within  one  thousand  feet  of 
the  creek.  From  several  old  dumps  I  secured  samples  of 
the  ore  which  gave  by  fire  assay  from  $2.06  to  $8.46  per 
ton.  (See  table  of  assays  along  Goldville  Belt,  pp.  45  and  46 ) . 
One  of  the  quartz  seams  on  the  Ulrich  place  crosses  the 
Hillabee  Bridge  road  about  three  miles  from  Alexander 
City,  ojq  what  is  known  as  the  Duncan  Place,  bne  mile  south 
wept  of  the  Ulrich  Pits.  Here  it  is  2£  feet  thick,  held  in  the 
same  slate.    A  sample  gave,  by  fire  assay, 

SSr-::::1  ".r:.1?!^:}  Valuep« ton*4-13- 

From  this  point  this  seam  of  quartz  and  others  in  close 
proximity  extended  in  a  north  east  direction  for  twelve  miles 
to  and  beyond  the  Birdsong  Pits.  I  have  closely  observed 
the  character  of  the  quartz  over  this  distance  and  it  differs 
but  little  from  that  at  the  Ulrich  Pits.  Scores  of  old  pits, 
trenches  and  shafts  are  found.  I  do  not  think  that  any  half 
mile  between  Duncan's  and  Birdsong's  will  fail  to  show  evi- 
dences of  former  operations ;  some  of  them,  for  that  day  and 
time,  quite  extensive. 

Over  this  entire  distance  of  twelve  miles  the  quartz  seams 
are  bold  and  strong,  preserving  the  same  general  character- 
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istics,  and  showing  a  remarkable  continuity  of  walling,  strike 
and  dip.  In  places,  as  for  instance  at  the  Jones  Pits,  where 
the  greater  part  of  the  old  time  work  was  done,  they  thicken 
up  to  thirty  feet.  Nothing  of  any  moment  has  been  done 
at  any  of  the  Pits  for  more  than  thirty  years.  Between  1835 
and  1860,  it  is  said  that  several  thousand  miners  were  at 
work  along  this  range,  but  in  1850  they  began  to  drift  to- 
wards  California,,  and  this  migration,  with  the  disturbing 
effects  of  the  civil  war,  put  an  end  to  the  operations.  A 
large  amount  was  certainly  taken  out  and  treated,  but  with 
what  results  as  to  profits  can  not  now  be  known.  The 
country  was  then  very  thinly  settled  and  all  the  supplies 
had  to  be  hauled  for  50,  60  and  even  70  miles  over  roads 
that,  for  the  most  part,  were  simply  execrable. 

No  records  were  kept  of  the  amount  of  ore  treated  or  the 
yield,  and  it  would  now  be  a  hopeless  task  to  endeavor  to 
ascertain  the  out-put  of  gold  or  the  cost  of  production. 
From  a  careful  examination  of  the  localities,  the  nature  of 
the  ore  and  the  conditions  under  which  the  work  must  have 
gone  on,  it  is,  I  think,  evident  that  the  operations  must  have 
been,  in  places,  very  profitable. 

No  organized  capital  was  employed  and  there  were  no 
mills  worthy  b(  the  name.  But  little  was  known  of  the  art 
of  mining,  and  still  less  of  the  art  of  milling,  the  most  im- 
portant consideration  in  the  successful  management  of  all 
gold  ores,  and  there  must  have  been  a  large  loss  of  gold. 
Yet  the  work  went  on  for  years,  some  of  it  costly  work.  The 
only  explosive  they  had  was  black  powder;  all  of  the  drilling 
was  done  by  hand  and  a  great  deal  of  the  crushing  also. 
But  they  kept  at  it,  and  the  engineer  who  examines  the  dis- 
trict to-day  can  see  for  himself  that  an  astonishing  amount 
of  ore  was  raised  and  treated.  The  old  openings  are  now 
abandoned,  large  trees  are  growing  in  the  pits  and  trenches 
and  the  shafts,  some  of  them  more  than  fifty  feet  deep,  are 
gradually  filling  up  with  leaves,  rotten  timbers  and  debris 
from  the  walls.  Gold  mining  in  the  Goldville  District  is  un- 
kempt, ragged  and  down  at  the  heels. 

At  Goldville  itself,  between  1840  and  1850,  there  are  said 
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to  have  been  fourteen  large  stores  with  a  contributory  popu- 
lation of  at  least  3,000.  Now  one  looks  in  vain*  for  the  tenth 
part  of  this  population,  and  the  stores  have  been  converted 
into  dwellings  and  barns. 

It  must,  however,  be  distinctly  stated  that  the  mining 
operations  conducted  forty  and  fifty  years  ago  along  this  belt 
merely  scratched  the  great  deposits  of  free  milling  quartz 
that  characterize  it. 

Above  water  level,  i.  e.,  at  depts  varying  from  10  to  40 
feet,  these  seams  furnished  a  material  much  more  friable 
and  easily  crushed  than  was  found  at  greater  depths.  The 
gold  was  coarser,  and  the  absence  of  any  considerable 
amount  of  sulphurets  allowed  free  malgamation.  At  few 
places  along  the  belt,  for  a  distance  of  10  miles,  did  these 
old  miners,  so  far  as  could  be  ascertained,  penetrate  to  the 
the  lower  limit  ot  the  decomposed  sulphuret.  At  one  place 
only  did  I  observe  the  presence  of  undecomposed  and  decom- 
posing 6ulphuret,  viz:  at  the  Jones  pits,  in  Sec.  5,  T.  24, 
R.  23,  near  the  north  east  extremity  of  the  Goldville  Belt. 
Here  the  undecomposed  sulphuret  of  iron,  with  arsenopyrite, 
began  to  come  in  at  the  the  bottom  of  a  shaft  60  feet  deep. 
It  is  held  in  a  hard,  bluish  quartz  showing  also  free  gold. 
A  sample,  which  showed  no  free  gold,  gave  by  fire  assay, 

Gold 2  7-10  oz.  per  ton.)    ,r„i   ^    _  * *-- on 

Silver 1-10      a      .«     »     Y  ^  alue  per  ton  $o;>.90. 

(See  also  page  48.) 

It  is  highly  probable,  and,  in  the  light  of  universal  expe- 
rience in  the  South  Atlantic  Gold  Fields,  even  certain,  that 
the  free  milling  ores,  that  is,  such  ores  as  readily  yield  their 
gold  to  mercury,  begin  to  carry  sulphurets  below  water  level. 
As  these  come  in  the  free  gold  goes  out,  and  when  a  typical 
sulphuret  ore  is  found,  it  contains  about  one  third  of  its  total 
gold  in  such  a  condition  as  that  quicksilver  will  attack  it. 
The  other  two-thirds  can  not  be  extracted  with  quicksilver 
at  all  unless  the  ore  is  thoroughly  roasted,  and  even  then  in- 
completely. Forty  years  ago  such  an  ore  was  almost  worth- 
less in  a  district  affording  no  smelting  ores.  To  be  available 
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at  all  it  had  to  contain  sufficient  free  gold,  easily  taken  np 
by  quicksilver,  to  pay  for  the  mining  and  treatment  of  the 
whole  amount  of  ore  and  leave  something  over  for  profit. 

Gold  exists  in  quartz  seams  in  at  least  two  conditions. 
First,  as  free  gold,  more  or  less  fine  and  intimately  mixed 
with  the  quartz.  Second,  combined,  or  mixed,  with  a  mineral 
consisting  of  iron  and  sulphur,  or  iron,  copper  and  sulphur, 
known  as  Pyrite,  or  Chalcopyrite.  Generally  the  mineral 
occurring  with  the  gold  is  pyrite,  or,  as  it  is  briefly  termed, 
sulphuret,  meaning  a  compound  of  iron  and  sulphur.  This 
sometimes  contains  copper,  but  in  the  Southern  States  rarely 
beyond  two  per  cent.  When  this  sulphuret  is  exposed  to 
the  atmosphere  it  begins  to  decompose,  the  product  being 
oxide  of  iron,  a  reddish  or  reddish- brown  substance,  wnich 
remains,  and  sulphate  of  iron  (copperas)  which,  being  solu- 
ble in  water,  is  washed  away. 

All  the  quartz  seams  of  the  Goldville  Belt  seem  at  one 
time  to  have  carried  sulphuret  disseminated  through  the 
quartz.  The  sulphuret  has  been  decomposed  down  to  water 
level,  so  that  now  these  seams  show  above  this  point  a  fria- 
ble quartz  penetrated  in  every  direction  with  thin  veinlets 
of  oxide  of  iron,  the  remains  of  the  original  sulphuret.  In 
many  cases  the  gold  carried  by  the  sulphuret  is  now  con- 
centrated along  these  "iron  stains,"  and  on  breaking  the 
quartz  and  rubbing  off  the  stains  and  panning  them,  the 
gold  may  be  panned  out,  proving  that  it  is  now  free  gold. 
In  the  upper  portions  of  these  seajns  all  of  the  gold  is  now 
free  and  is  easily  taken  up  by  quicksilver.  The  old  time 
miners,  lacking  the  means  for  treating  the  undecomposed 
sulphuret,  ceased  their  operations  when  it  appeared  in  any 
consiberable  amount.  They  mined  thus  only  the  upper 
portions  of  the  seams,  from  which  the  gold  could  be  obtained 
with  comparative  ease. 

Where  the  decomposition  has  been  going  on  for  ages,  as  is 
the  case  in  the  Southern  Gold  Fields,  and  when  the  original 
sulphuret  was  rich  and  plentiful,  it  often  happens  that  the 
residual  oxide  of  iron  forms  veins  of  several  inches  in  thick- 
ness and  carries  much  gold.     In  the  Rudisill  Mine,  near 
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Charlotte,  N.  0.,  thwe  was  a  vein  of  this  oxide  of  iron,  along 
with  other  ores,  about  four  inches  thick  that  went  down  to 
a  depth  of  300  feet,  and  carried  in  places  nearly  $500  worth 
of  gold  per  ton.  At  the  Boilston  Mine,  in  Henderson  County, 
N.  C,  I  have  also  observed  these  veins  of  iron  oxide,  one  of 
them  carrying  $112  per  ton.  Such  veins  readily  yield  their 
gold  to  quicksilver,  and  constitute  the  best  grade  of  ore  in 
many  localities. 

One  can  now  appreciate  why  these  old  miners  made  so 
many  pits,  trenches  and  shallow  shafts ;  they  were  searching 
for  ore  that  was  easy  to  crush  and  easy  to  amalgamate. 
When  they  came  upon  the  underlying  undecomposed  ore, 
harder  and  impregnated  with  sulphuret,  they  moved  on  to 
another  place  and  repeated  their  operations.  But  after  all, 
they  left  an  incalculable  amount  of  free  milling  ore,  as  the 
seams  of  which  I  speak  are  continuous  for  at  least  15  miles, 
and  probably  extend  for  30  miles.  Even  should  this  not  be 
the  case,  assuming  that  the  greater  part  of  the  free  milling 
ore  had  been  removed,  an  assumption  by  no  means  to  be 
allowed,  we  now  possess  means  for  the  economical  treatment 
of  the  undecomposed  sulphuret,  which  for  ease,  rapidity  and 
thoroughness,  leave  but  little  to  be  desired.  I  refer  to  the 
Chlorination  of  Gold  Ores,  a  full  description  of  which  will 
be  found  sn  Appendix  A.  The  sulphurets,  the  great  Bug- 
a-boo  of  Southern  gold  miners,  no  longer  vex  us ;  they  can 
be  and  they  are  treated  for  their  gold  contents  with  the 
most  gratifying  success.  Apart  from  the  sulphurets,  how- 
ever, and  leaving  them  to  be  treated  when  they  appear,  it  is 
my  deliberate  opinion  that  between  Hillabee  Bridge  and 
the  Birdaong  Pits  there  is  enough  free  milling  gold  ore  to 
maintain  a  dozen  stamp  mills  of  200  tons  per  day  capacity 
at  work  profitably  for  twenty-five  years.  I  have  been  over 
nearly  all  of  the  district  twice  and  do  not  hesitate  to  say 
what  seems  to  me  to  be  the  truth.  The  statement  may  and 
doubtless  will  be  received  by  some  with  the  customary  smile 
of  incredulity,  the  almost  invariable  accompaniment  of  as- 
sertions regarding  the  profitable  treatment  of  Southern  gold 
ores.     The  same  smile  did  duty  when  the  first  assertions  as 
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to  the  Southern  iron  ores  were  made,  when  the  Florida  Phos- 
phates were  discovered  and  when  coke  making  was  begun 
in  Alabama,  and  is  still  in  good  working  order.  It  is  as  old 
as  human  nature  and  will  outlive  the  last  man. 

In  my  examination  of  the  Goldville  Belt,  extending  from 
Hillabee  Greek  in  a  general  north  east  direction  to  the  Bird- 
song  Pits,  a  distance  of  about  14  miles,  I  was  particularly 
fortunate  in  having  as  my  companion  and  guide  Col.  B.  L. 
Dean,  of  Alexander  City.  He  has  been  a  resident  of  this 
part  of  Tallapoosa  County  for  36  years  and  has  devoted  more 
intelligent  attention  to  the  mineral  wealth  of  the  county 
than  any  one  I  know  of.  He  is  especially  well  acquainted 
with  the  region  east  of  the  Columbus  and  Western  Railway 
and  north  of  the  Tallapoosa  River.  At  my  request  he  wrote 
a  brief  account  of  the  Goldville  Belt  and  I  reproduce  it  here 
in  his  own  words : 

"The  first  worR  in  this  part  of  Tallapoosa  County  was  done 
between  1840  and  1850  by  Edward  Birdsong,  who  has  been 
dead  for  thirty  odd  years.  He  owned  and  mined  part  of  S. 
W.-i  and  N.  W.  ±  of  Section  4,  T.  24,  R.  23.  His  widow,  a 
resident  of  Columbus,  Ga.,  was  living  in  1889.  She  could 
give  more  information  about  the  mining  interest  in  those 
days  than  anjr  one  I  know.  She  said  to  me  once  that  she 
was  the  cause  of  her  husband's  stopping  work ;  the  country 
was  full  of  miners  and  she  could  not  afford  to  raise  her  chil- 
dren where  the  Sabbath  was  a  day  of  hunting  and  gambling. 
Her  husband's  work  was  carried  on  with  negroes.  In  illus- 
tration of  the  gold  fever  she  said  that  her  negro  cook,  after 
attending  to  all  of  her  duties  at  the  house,  would  take  her 
pan  and  wash  out  75  cents  worth  of  gold  in  a  day,  crushing 
the  ore  in  a  little  hand  mortar. 

"Towards  the  south  wesc  we  come  next  to  the  Jones  Pit, 
in  Sec.  5,  T.  24,  R.  23.  On  this  property  a  great  deal  of 
work  has  been  done  with  wooden  stamps  and  the  Arastra. 
There  was  also  at  one  time  a  steam  engine  at  the  mine. 
Reports  as  to  the  yield  of  gold  vary.  The  veins  are  from 
ten  to  twenty  feet  in  width.  (I  have  heard  old  miners  say 
that  in  places  the  Jones  Pits  were  very  rich,  W.  B.  P.) 
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"Next  towards  the  south  west  we  come  to  the  Germany 
Pits,  in  the  N.  W.  and  S.  W.,  Sec.  8,  same  township  and 
range.  It  is  said  that  Mr.  Germany  made  money  here.  In 
this  Section  is  located  the  town  of  Goldville,  one  of  the  oldest 
places  in  the  county. 

"Next  in  order  are  the  Houston  Pits,  where  much  work  has 
been  done,  but  I  know  very  little  about  them. 

"The  Log  Pits  are  next,  where  also  much  work  has  been 
done. 

"Next  are  the  Ealy  Pits  in  the  S.  W.  ±  of  Sec.  26,  T.  24, 
JR.  22.  A  great  deal  of  work  was  done  here  by  Mr.  A.  Ealy 
and  the  Hon.  Daniel  Crawford,  Ex-State  Treasurer.  Col. 
Crawford  had  great  faith  in  this  part  of  the  county  and  wad 
always  on  hand  when  any  work  was  going  on.  I  asked  him 
once  how  he  worked  the  Ealv  Pits.  He  said  that  he  made 
the  machinery  himself;  four  iron-shod  wooden  stamps  run 
by  water  power  at  Jarvis'  Mill.  He  hauled  the  ore  two 
miles,  crushed  it  with  the  wooden  stamps  and  then  "locked'' 
it  in  a  rocker.  I  inquired  what  was  the  best  run  he  had 
ever  made  in  one  day,  and  my  recollection  is  that  he  said  it 
was  $73  or  $75.  After  the  death  of  Mr.  Ealy,  work  was  sus- 
pended, probably  in  3  845,  or  1846,  and  has  not  been  resumed 
6ince.  I  met  a  man  once,  named  Collins,  living  in  the 
northern  (part  of  the  county,  who  had  worked  at  the  Ealy 
Pits  aud  he  told  me  that  Ealy  and  Crawford  got  out  some 
ore  that  ran  $41  to  the  bushel.  (Taking  the  bushel  at  100 
pounds,  this  ore  was  worth  $820  per  ton;  pretty  good  stuff 
for  those  days.     W.  B.  P.) 

"Of  the  Stone  and  the  Croft  Pits,  which  come  next,  I  know 
but  little.  A  good  deal  of  work  was  done  from  first  to  last, 
but  nothing  of  record. 

"The  Mahan  Pits,  which  come  next,  seem  to  be  in  the  slate 
and  a  little  off  the  main  line  of  the  quartz.  Heavy  sulphurets 
begin  to  show  at  the  Mahan  Pits,  but  the  ore  carries  also 
free  gold,  as  I  have  panned  it  out.  Some  of  the  ore  was 
sent  north  several  years  ago  by  a  Mr.  Lind3,  and  it  assayed 
$22  per  ton. 

"Lastly,  we  come  to  the  Ulrich  Pits  on  the  east  bank  of 
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Hillabee  Creek.  A  great  deal  of  work  has  been  done  here 
also,  and  much  money  spent  to  no  purpose  in  shafts  and 
.drifts.  The  quartz  is  walled  in  slate  dipping  in  some  places 
nearly  vertically,  but  as  a  general  thing  not  above  45  degs. 
Dr.  Ulrich  sunk  several  costly  shafts,  hunting  for  copper, 
but  as  they  were  put  down  on  the  west  side  of  the  veins 
while  they  dip  towards  the  east,  the  deeper  he  went  the 
the  farther  he  was  from  the  ore.  He  finally  dis- 
covered e;old  instead  of  copper,  and  erected  a  mill  fur- 
nished with  wooden  stamps,  taking  the  water  for  his  power 
from  Hillabee  Creek.  He  worked  in  this  way  until  the  war, 
making  his  gold  into  bars  and  buying  cattle  with  it,  so  I  am 
informed  by  old  citizens.  Ulrich's  operations  were  conducted 
without  the  least  regard  to  economical  mining,  and  with  no 
thought  for  the  future.  The  showing  of  ore  at  these  pits  anrd 
at  the  Joneo  Pits  is  greater  than  at  any  intermediate  locality, 
and  at  these  two  places  water  is  much  more  abundant  and 
accessible  than  anywhere  along  the  belt.  Col.  A.  H.  Moore 
had  some  of  the  Ulrich  ore  assayed  in  North  Carolina,  and 
told  me  that  it  ran  $21  per  ton 

<kOn  the  west  side  of  Hillabee  Creek  these  seams  continue 
in  a  south  west  direction,  crossing  .the  road  from  Alexander 
City  to  Hillabee  Bridge  on  the  the  Duncan  Place.  This 
belt  seems  to  be  bounded  on  the  east  by  a  large  slate  dyke 
from  200  to  400  yards  distant  from  the  quartz  seams.  It 
crosses  the  Columbus  and  Western  Railway  in  Coleman's 
Cut.  This  ends  what  I  have  to  say  about  the  Goldville  Belt. 
;f,  "About  two  and  a  half  miles  west  of  the  Log  Pits  we  find 
a  great  mass  of  ore  in  the  Hog  Mountain.  There  are  millions 
of  tons  of  quartz  in  the  Hog  Mountain,  all  of  it  carrying 
gold.  I  saw  assays  of  ore  taken  from  16  different  places  and 
they  showed  the  ore  to  be  worth  from  $4  to  $16  per  ton. 
(Other  assays  of  Hog.  Mt.  ore  will  be  found  under  the  appro- 
priate heading,  W.  B.  P.) 

"From  Hog  Mt.  we  come  south,  in  the  same  section  t<4 
where  William  Conant  worked  in  1844  and  1845.  It  is  said 
that  he  made  money,  using  the  crudest  appliances  and  haul- 
ing the  ore  two  miles  with  oxen. 
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l'In  Section  5  we  find  gold  in  the  slates  and  heavy  sul- 
phurets  in  the  shoals  of  Enittachopka  Creek,  the  sands  all 
along  the  creek  for  miles  will  pan  gold. 

"In  all  these  places  the  quartz  seams  appear  to  go  in 
parallel  bands  six  or  seven  in  a  group  and  from  thirty  to 
forty  feet  apart.  The  same  is  (rue  of  Hog  Mt." 
'  This  concludes  Col.  Dean's  interesting  and  valuable  letter. 
If  there  were  others  in  the  country  who  took  the  same  in- 
telligent means  of  informing  themselves  as  to  what  has  been 
done  and  what  still  remains  to  be  done  to  develop  legiti- 
mate gold  mining  the  task  of  the  prospector  would  be  easier. 
He  has  faith  in  the  future  of  Tallapoosa  county  as  a  gold 
producer  and  whether  his  hopes  are  fulfilled  during  his  life- 
time or  not  he  may,  perhaps,  from  another  sphere  be  able 
to  look  down  upon  a  score  of  mills,  pounding  away  and 
proving  the  reality  of  what  he  labored  60  long  to  establish, 
the  profit  in  quartz  mining  along  the  Goldville  and  Hog  Mt. 
Belts.  » 

Following  is  a  list  of  the  assays  made  on  small  samples 
taken  along  the  Goldville  Belt  from  Hillabee  Bridge  to  the 
Jones  Pits.  It  is  not  claimed  for  these  assays  that  they  rep- 
resent in  every  particular  the  value  of  the  ores,  still  they 
will  show  their  general  character.  To  sample  these  seams 
correctly  would  cost  a  good  deal  of  money  and  the  Survey 
has  no  means  at  its  disposal  for  such  an  undertaking.  The 
owners  of  the  property  should  take  the  matter  in  hand,  em- 
ploy a  competent  engineer  and  furnish  him  with  the  means 
for  opening  the  old  pits  or  sinking  new  ones,  so  that  average 
samples  could  be  secured. 

Assays  along  the  Goldville  Belt  from  the  Duncan  place, 
on  the  Hillabee  Bridge  road  about  3  miles  from  Alexander 
City  to  the  Jones  Pitsi  Fourteen  #  assays  were  made  along 
this  line,  viz  :  one  from  Duncan's,  five  from  the  Ulrich  Pits, 
two  from  the  Ealy  Pits,  five  from  the  Jones  Pits,  and.  one 
from  what  is  known  as  the  Chisolm  Place,  in  Sec.  9,  T.  23, 
R.  22.  The  value  of  the  ore  varies  from  $2  to  $55.90  per 
ton. 
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No.  1282.     Duncan  Place,  sugary  quartz  2%  ft  width,  sample  from  seam 
in  road, 

Gold 2-10  ozs.  per  ton.)   v-i,,*^^  <miq 

Silver trace.  )"  *  alue  Per  ton'  *4'13' 

No.  1283.     Ulrich  Pits,  old  dump,  reddish  sugary  quartz: 

Gold 1-10  oz.  per  ton.  /   ,r  ,  .       *o  a« 

Silver trace.  J  Value  P*r  ton>  *2-06- 

No.  1284.     Ulrich  Pits,  old  dump,  reddish  sugary  quartz. 

Gold 4-10  oz.  per  ton.  )    ..,  ,  .        mot* 

o-i  i    in  4.        t    V  alue  per  ton,  $S. 36. 

Silver 1-10  oz.  per  ton.  )  r  '  * 

No.  1285.     Ulrich  Pits,  old  dump,  reddish  sugary  quartz: 

f.?ld J"10  oz-  Per  ton-  {.  Value  per  ton,  $2.06. 

Silver trace.  )  r  '  v 

No.  1286.     Ulrich  Pits,  old  dump,  reddish  sugary  quartz: 

Gold 1-10  oz.  pei  ton.  )    ,r  f  .        Af»  n/» 

c-i  „  ♦ A       r  t  Value  per  ton,  $2.06. 

Silver trace.  )  *  T 

No.  1287.     Ulrich  Pits,  old  dump,  reddish  sugary  quartz: 

Gold 4-10  oz.  per  ton.  )   ,r  ,  .        *Q  ia 

o-i  ~-  o  m«       «    4.^       r    value  per  ton,  $8.40. 

Silver 2-10  oz.  per  ton.  J  *  v 

No.  1288.     Ealy  Pits,  j'ellowish  sugar}-  quartz: 

Gold 1-10  oz.  per  ton.  >    xr  .        ^    .       AO  no 

Silver trace.  )   Value  Per  ton-  *2-06- 

No.  3289.     Ealy  Pits,  yellowish  sugary  quartz; 

Gold 1-10  oz.  per  ton.  )   Tr  ,  *        *o  sw> 

Silver trace.  \  * aIue  Per  ton-  *8  °6- 

No.  1290,    Jones  Pits,  yellowish  crystalline  quartz,  old  dump: 

Gold 1-10  oz.  per  ton.  )   ,7  ,  .  A     AO  no 

Silver trace.  )   VaIue  Per  ton'  I2-06- 

No.  1291.    Jones  Pits,  old  dump,  reddish  crystalline  quartz: 

c.,     ''!■  traces. 
Silver .  J 

No.  1292.    Jones  Pits,  old  dump,  white  crystalline  and  bluish  quartz,  with 

pyrite,  and  Arsenopyrite  i.  e.  pyrite  containing  arsenic: 

Gold   2  7-10  oz.  per  ton.  )    ,r  ,        ^   .       *r«ftn 

Silver 1-10  oz.  per  ton.       \  Value  P^ ton-  *00-90- 


No.  1293.    Jones  Pits,  old  dump,  white  crystalline  quartz: 

Gold 1-10  oz.  per  ton. 

Silver trace. 


I  Value  per  ton,  $2.06. 


No.  1294.    Jones  Pits,  old  dumj),  white  crystalline  and  bluish  quartz  with 
pyrite  and   arsenopyrite. 

Gold 9-10  oz.  per  ton.  )   ,r  .  .        a-ioam 

Silver 3-10  oz.  per  ton.  \  Value  Per  ton'  *18-90- 

No.  1299.     Chisolm  Place,  out  crop  of  whitish  sandy  quartz,  6  ft.  wide. 

Gold 1-10  qz.  per  ton.  )   ,r  ,  .        4ftA/, 

Silver trace.  [  Value  per  ton,  $2.06. 


/ 
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HOG  MOUNTAIN. 

Copy  of  a  letter  received  from  Col.  Jas,  P.  Dawson,  Turner 
Building,  St.  Louis,  September  18th,  1891 : 

St.  Louis,  Mo.,  Jan.  22d,  18S9. 
Elias  S.  Pepper,  Esq., 

3rd  National  Bank,  Citj*  : 
Dear  Sir — The   sample  of  ore   from marked ,  sub- 
mitted to  us  for  examination,  contains 

Gold 2.G5  ozs.  per  ton. 

Silver 0.10  »•  4< 

Respectfully, 

St.  Louis  Sampling  and  Testing  Works, 

William  B.  Potter,  Mgr. 

,?S." 

According  to  this  assay  the  ore  is  worth  $54.87  per  ton. 
The  letter  was  marked  in  pencil  "Jones  Vein." 

In  regard  to  the  foregoing  analyses  I  can  only  reiterate 
what  has  been  already  more  than  hinted  at,  that  if  the 
owners  of  gold  properties  (Jesire  assays  which  shall  correctly 
represent  the  character  and  value  of  the  ore,  they  .should 
employ  a  competent  and  reliable  mining  engineer  to  make 
a  detailed  report.  Samples  taken  at  random  may  be  cor- 
rectly assayed  and  yet  reveal  but  an  indication. 

Four  miles  almost  due  west  from  Go^dville,  two  miles 
east  of  Hillabee  Creek,  and  the  same  distance  south  from 
the  Tallapoosa,  Clay,  line  in  Sees.  10  and  15,  T.  24,  R.  22,  in 
Tallapoosa  County,  is  the  famous  Hog  Mountain.  It  derives 
its  name  from  its  peculiar  shape  when  viewed  from  a  distance. 
It  attains  an  elevation  of  about  1,000  feet  above  tide  and 
about  five  hundred  feet  above  the  surrounding  country.  It 
is  composed  in  great  part  of  quartz  seams  separated  by  bands 
of  clay  slate,  highly  metamorphosed  in  many  places.  A 
ledge  of  coarse  granite  appears  among  the  slates  of  the 
hanging  wall,  i.  e.,  the  south  wall,  for  the  seems  here  are 
orientated  contrary  to  the  general  run  of  the  quartz  in  this 
part  of  the  county.  They  bear  almost  due  east  and  west, 
and,  with  the  slates,  appear  to  have  been  twisted  around,  the 
normal  course  being  towards  the  north  east.     On  the  west 
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side  of  the  mountain  there  are  enormous  outcrops  of  quartz 
seams  and  massive  boulders  of  quartz.  One  of  the  seams, 
known  as  the  Blue  Seam,  shows  35  feet  in  width  where  it  is 
uncovered.  This  seam  was  worked  to  a  limited  extent 
several  years  ago,  and  some  good  ore  was  taken  out.*  It 
bears  east  and  west  and  dips  to  the  south  30  degrees. 

There  is  now  a  ten  stamp  mill,  California  pattern,  with 
engine  and  boiler  on  the  property,  but  no  work  has  been 
done  for  several  years.  From  the  appearance  of  the  more 
recent  openings  I  think  that  perhaps  500  tons  of  ore  were 
mined  and  milled,  but  I  have  as  yet  been  unable  to  ascertain 
with  what  success.  The  ore  is  a  sandy,  friable  quartz  near 
the  surface,  but  soon  begins  to  harden,  and  at  a  depth  of  15 
or  20  feet  is  quite  hard.  At  a  depth  of  20  feet  in  the  Blue 
Seam  sulphurets  begin  to  come  in  and  carry  gold,  as  will 
appear  from  the  assay. 

The  Tallapoosa  Mining  Company,  of  St.  Louis,  is  now 
preparing  to  begin  the  work  at  the  Hog  Mt.  on  an  extensive 
scale,  so  it  is  said.  With  a  modern  mill  crushing  from  200 
to  300  tons  per  day,  there  is  no  reason  why  the  Hog  Mt. 
should  not  enter  the  list  of  profitable  mines.  There  are 
millions  of  tons  of  workable  ore  in  this  hill.  The  main 
draw- back  to  any  considerable  operations  here  is  the  scarcity 
of  water;  there  is  no  sufficient  supply  nearer  than  Hillabee 
Creek,  l£-2  miles.  For  this  reason,  and  on  account  of  the 
character  of  the  ore,  any  company  wishing  to  work  on  a 
large  scarle  would  have  to  expend  a  great  deal  of  money. 
The  difficulties  to  be  met  and  overcome,  however,  are  no 
greater  than  have  been  successfully  encountered  elsewhere. 

Through  the  kindness  of  Col.  Jas.  P.  Dawson,  Turner 
Building,  St.  Lonis,  I  can  present  some  additional  informa- 
tion concerning  the  ore  from  Hog  Mt. 

♦About  one  mile  from  the  Hog  Mt.  towards  Cowpens  Tourmaline  is 
abundant. 
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"Alexander  City,  Ala.,  May,  1889,  pannings  made  on 
Hog  Mt.  by  Wm.  H.  Cornell : 

Veins.  No.  of  pans.  Showed  gold. 

1x2 11 :.  7 

2x3 9 6 

3x4 20 , 13 

4x5 10 8 

5x6 12 : 7 

6x7 8 4 

7x8 5 5 

8x9 6 4 

9x10 4 2 

85  56 

These  pannings  were  all  taken  from  the  surface,  and  as 
near  in  diagonal  as  possible.  The  show  was  from  three  to 
thirty  particles  to  the  pan.     From  3x5  the  best." 

Another  letter  from  Col.  Dawson  enclosing  two  from  Mr. 
Jewett,  Assayer  in  charge,  United  States  Assay  Office,  St. 
Louie,  was  received  at  the  same  time.  From  the  assertions 
of  Mr.  Jewett  in  regard  to  some  ore  which  Col.  Dawson  in- 
forms me  was  from  Hog  Mt.,  I  find  that  it  was  worth  $8.26 
in  gold  and  36  cents  in  silver  per  ton. 

Copy  of  a  letter  from  the  St.  Louis  Sampling  and  Testing 
Works: 

"January  11th,  1889. 
T.  Wright,  Esq.,  3d  and  Olive  Sts.,  City : 

Dear  Sir — We  herewith  enclose  certificate  of  assay.  The 
concentrates  weighed  1.870  grams,  28,85  grains.  It  obtained 
from  two  ounces  avoirdupois  this  would  be  a  concentration 
of  over  30  to  1.  Unless  the  assay  of  the  original  is  known, 
it  would  be  impossible  to  say  what  loss  attended  the  process. 

Very  respectfully, 

St.  Louis  Sampling  and  Testing  Works, 

Wm.  B.  Potter,  M'gT." 

S. 
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This  letter  is  marked,  in  pencil,  "Hog  Mt."  The  certifi- 
cate referred  to  was  as  follows,  as  per  copy : 

"St.  Louis,  Mo.,  Jan.  12th,  1889. 
T.  Wright,  Esq., 

3d  and  Olive  Sts.,  City : 

Dear  Sir — The  sample  of  Pulp  from marked  "Con- 
centrates," submitted  to  us  for  examination  contains 

Gold 4.37  ozs.  per  ton. 

Silver 2.92    "      "     " 

Respectfully, 

St.  Louis  Sampling  and  Testing  Works, 
Wm.  B.  Potter,  M'g'r.    J." 

Taking  the  total  value  of  these  concentrates  at  $93.24  per 
ton  and  the  degree  of  concentration  as  30  to  1,  the  value  of 
the  untreated  ore  would  be  $3.10Jper  ton. 

Copy  of  a  certificate  of  assay  of  what  Col.  Dawson  wrote 
was  "a  number  of  pieces  picked  up  at  random  on  the  moun- 
tain and  assayed  together." 

"St.  Louis,  Mo.,  April  220,  1889. 
T.  Wright,  Esq., 

3d  and  Olive  streets,  City : 

Dear  Sir — The  sample  of  orejfrom ,  marked , 

submitted  to  us  for  examination,  contains 

Gold 0.3  ozs.  per  ton. 

Silver 0.1     "       "      " 

Respectfully, 

St.  Louis  Sampling  and  Testing  Works. 
William  B.  Potter.  Manager." 
Taking  these  figures,  the  value  of  the  ore  per  ton  was  $6.20. 
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Copy  of  another  letter  received  from  Col.  Daweon  : 

"St.  Louis,  Mo.,  Oct.  2d,  18S9. 
T.  Wright,  Esq., 

3d  and  Olive  streets,  City : 
Dear  Sir — We  have  treated  the  barrel  of  ore  you  sent  us 
as  follows:  The  ore  was  crushed  in  a  three  stamp  gold  bat- 
tery, with  inside  and  outside  amalgamated  plates,  using  a 
40  mesh  screen,  and  the  tailings  were  run  over  an  Evans 
concentrating  table  with  the  following  results : 

Net  weight  of  ore 502  lbs. 

Containing  gold 1.90  ozs.  per  ton. 

"  silver 0.1       "     "     « 

The  amount  remaining  in  the  mortar  after  the  run  was 
219  lbs.,  assaying  1.90  ozs.  gold  per  ton,  thus  giving  283 
lbs.  as  the  net  weight  of  ore  treated.  The  tailings  from  the 
plates  contained,  Gold 0.50  ozs.  per  ton,  showing  a  sav- 
ing of  73.7  per  cent  of  the  Gold. 

The  tailings,  after  passing  over  the  Evans  Table,  gave  the 
following  results : 

Headings 11  lbs.,  containing 

Gold 1.60  ozs.  per  ton. 

Silver 0.10     "       "      " 

Middlings 48  lbs.,  containing 

Gold 0.35  ozs.  per  ton. 

The  Headings  contain  3  per  cent  of  the  Gold  in  the  original 

ore,  but  it  will  be  noticed  that  their  grade  is  a  little  lower 

than  the  original  ore. 

The  above  results  would  indicate  that  your  ore  is  fairly 

free  milling.     With  a  larger  amount  of  ore,  sufficient  to 

make  several  runs  under  varying  conditions,  it  is  possible 

that  somewhat  better  results  might  be  obtained. 

Respectfully, 

St.  Louis  Sampling  and  Testing  Works, 

William  P.  Potter,  Manager. 

J." 
According  to  this  assay  the  ore  was  worth  as  follows : 

Gold $39.27 

Silver 10 

$39.37  per  ton. 
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The  following  letter,  also  from  Col.  Dawson,  is  very  im- 
portant, showing  as  it  does  that  at  one  time  much  more  in- 
formation concerning  the  Hog  Mt.  ores  was  available  than  is 
now  the  case. 

"St.  Louis,  Sept.  8, 1891. 
James  P.  Dawson,  Esq., 

President  Tallapoosa  Mining  Co., 

City: 
Dear  Sir — Replying  to  your  inquiry  concerning  assay  work 
done  by  my  direction  on  Hog  Mountain  ore,  I  have  searched, 
all  through  my  papers  for  the  records  but  could  not  find 
them,  and  I  do  not  know  what  I  did  with  them.  I  had  very 
many  assays  made,  perhaps  sixty  or  seventy,  of  the  ore  taken 
from  different  parts  of  that  property,  and  of  course  can  not 
remember  them.  I  do  remember  that  they  ran  as  low  as  $2 
and  as  high  as  $31,  and  I  believe  that  they  averaged  $7.50, 
and  I  believe  that  they  represented  perhaps  the  true  charac- 
ter of  the  property  more  closely  than  any  other  investigation 
ever  made.  I  regret  very  much  that  I  do  not  have  the 
records,  since  I  would  be  glad  to  give  them  to  you. 

Yours  truly, 

A.  F.  Hoffer. 
The  assays  I  speak  of  were  made  in  '86  and  'S7." 

I  made  four  assays  of  ore  taken  at  random  from  some  old 
dumps  on  the  Hog  Mt.  They  ran  from  $6.20  to  $58.6T  per 
ton,  the  average  being  $24.53.    They  are  as  follows : 

No.  1,295.     Hog  Mt.,  old  dump,  yellowish  sugary  quartz. 

Gold 2  8-10  ozs.  per  ton.)   xr  .  ^         .        *-0  ** 

silver  g.10      u      4.      a     f-  Value  per  ton,  $o8.67, 

No.  1,296.     Hog  Mt.,  old  dump,  whitish  sugary  quartz. 

Gold 3-10  oz.  per  ton.)   xr  ,  .        MaA 

Silver trace  per  ton.      \  Value  Per  ton-  *°-20- 

No.  1,297.     Hog  Mt.,  old  dump,  yellowish  sugary  quartz. 

suvtr:::::^0}^^-*0".*22-73- 

No.  1,298.     Hog  Mt.,  blue  seam,  bluish  crystalline  quartz,  with  a  little  pyrite. 

Gold 5-10  ozs.  per  ton.)   ,r  ,  .        Atn  -« 

Silver'. ...  2-10    "      *     "     f  Value  per  ton,  $10.o3. 
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RESUME  ON  THE  GOLDVILLE  AND  HOG  MT.  BELT. 

1.  No  work  of  any  consequence  has  been  done  for  thirty 
years. 

2.  No  reliable  records  are  to  hand  relating  to  the  work 
done  prior  to  1S60. 

3.  Except  at  the  Ulrich,  Jones  and  Hog  Mt.  mines  no 
good  exposures  of  the  veins  are  to  be  seen  now.  The  old 
workings  are  fallen  in  and  access  to  the  seams  is  not  to  be 
had  except  at  some  expense,  and  the  Survey  has  no  means 
at  its  disposal  for  this  purpose. 

4.  The  assays  of  the  samples  taken  show  that  the  ores 
vary  in  value  from  $2  per  ton  to  $58.67. 

5.  A  large  amount  of  work  has  been  done  by  the  old 
miners,  and  by  reliable  tradition  some  of  it  was  very  profit- 
able. 

6.  The  Ulrich  and  Jones  Pits  are  well  supplied  with  run- 
ning water  sufficient  for  extensive  operations.  The  Hog  Mt. 
is  from  one  and  a  half  to  two  miles  from  Hillabee  Creek, 
the  nearest  available  water  supply. 

7.  An  abundance  of  good  timber  of  all  kinds  is  within 
easy  reach  of  all  the  Pits  and  of  Hog  Mt. 

8.  Profitable  gold  mining  could  be  carried  on  in  this 
part  of  the  county. 

THE   SILVER   HILL   BELT. 

Silver  Hill  is  in  Sees,  ltf  and  17,  T.  20,  R.  22,  Tallapoosa 
County,  and  is  about  13  miles  S.  W.  of  Dadeville.  Mining 
was  carried  on  here  probably  as  far  back  as  1835,  but  there 
are  no  records  of  what  was  done  or  of  anything  in  connec- 
tion with  the  work.  There  are  abundant  evidences  that  a 
great  deal  was  done  from  first  to  last,  for  the  old  works  are 
quite  extensive,  more  so  than  at  any  locality  in  the  County. 
A  description  of  Silver  Hill  is  contained  in  the  Report  of 
Prof.  Tuomey,  previously  referred  to  as  having  been  pub- 
lished in  1858.  As  he  or  Mr.  Lieber,  or  both,  visited  the 
place  before  the  shafts,  drifts,  &c,  had  fallen  in  as  badly  as 
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they  hare  now  and  as  the  description  is  well  worth  repro- 
ducing it  is  here  given  in  full,  taken  from  pages  47  to  50  of 
that  Report. 

Prof.  Tuomey  says : 

"The  talcose  slates  of  Silver  Hill  are  seen  outcropping 
near  Ufola,  and  the  gold  mine  occupies  the  crest  and  flank 
of  the  hill  which  extends  to  the  stream  on  which  the  mill  is 
situated. 

"The  auriferous  slates  are  enclosed  between  beds  of  horn- 
blende. The  following  section  will  show  the  position  of  the 
mine : 

Ft"    i 


Action  cf  'Silver  JHU.  (a/CcrTvicnftyJ 

a.  Hornblende  slate. 

b.  Auriferous  talcose  slate,  with  veins  of  quartz. 

c.  Dark  colored  talcose  slates. 

d.  Hornblende  slates. 

"  This  section  is  best  seen  at  the  base  of  the  hill  near  the 
mill.  Both  a.  and  h.  are  quite  hard,  when  placed  beyond 
the  influence  of  atmospheric  agencies. 

"About  ten  years  ago  this  mine  was  in  its  most  prosper- 
ous condition.  About  150  feet  of  the  principal  vein  was 
found  outcropping  on  the  crest  of  the  hill.  It  was  2  feet 
thick,  but  about  12  feet  below  the  surface  it  became  thinner 
and  richer,  at  a  depth  of  15  feet  it  became  poorer.  It  again 
thickened  to  4  or  5  feet,  and  continued  to  improve  in  pro- 
ductiveness until  it  was  abandoned. 

"  The  vein,. which  was  quartz,  was  worked  to  a  depth  of  80 
feet  in  the  centre,  where  it  was  richest.  The  ore  was  there 
worth  $4.85  per  bushel  (about  $96  per  toa  W.  B.  P.)  The 
course  of  the  vein  was  a  little  North  of  East.    The  usual 
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mode  of  letting  out  the  mine  in  small  parcels  was  adopted 
here,  and  with  the  same  results  as  elsewhere — the  total  ruin 
of  the  works.  The  vein  is  situated  in  Section  16,  Township 
2D,  Range  22.     (The  range  is  21,  W.  B.  P.) 

u  It  has  been  recently  re-opened  with  some  prospect  of 
success.  An  adit  has  been  driven  a  little  above  the  natural 
drainage  of  the  Creek,  with  a  view  of  striking  the  vein  be- 
low the  old  works.  Whilst  this  heavy  work  is  going  on, 
the  proprietors  are  working  some  ore  from  the  top  of  the 
hill.  The  ore  is  hauled  by  oxen  about  250  yards  to  the  mill, 
where  I  found  6  stamps,  and  a  badly  constructed  Burke 
Rocker,  in  operation.  The  ore  thus  treated  yielded  only 
12£  cents  per  bushel.     (Say  $2.50  per  ton,  W.  B.  P.) 

"The  principal  vein  was  not  exposed  at  the  time  of  my 
visit,  but  some  of  the  auriferous  portions  of  the  country, 
which  were  worked,  presented  the  appearance  shown  in  the 
cut,  Fig.  2 : 
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Fig. 
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Quartz  veins,  Silver  If  ill  ,(ccf(crTuA>mey) 


"  The  dark  lines  represent  broken  quartzose  veins  con- 
taining gold.  On  the  branch,  into  which  the  drainage  and 
surface  water  flows,  signs  of  old  works  occur  in  the  gravel 
deposited  in  its  bed.  Mr.  Lieber,  who  examined  this  place 
more  recently,  reports  as  follows  : 
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*  The  Silver  Hill  Mines,  which  were  formerly  abandoned 
on  account  of  difficulties  among  the  members  of  the  com- 
pany, are  now  worked  by  a  Georgia  company,  with  a  pros- 
pect of  success. 

4  The  country  is  a  talcose  slate,  one  of  the  beds  of  which 
is  of  that  peculiar  black  kind  resembling  black  lead. 
Another  talcose  bed,  in  which  quartz  appears  in  irregular 
masses,  is  the  one  which  is  worked,  the  slate  being  also 
auriferous.  This  bed  strikes  North  70°  East,  and  dips  15° 
to  35°.  A  quartz  vein,  leading  from  this,  and  striking 
North,  is  about  12  feet  thick,  including  the  selvages  and  the 
workable  slate.  The  main  body  is  8  feet  thick.  Deeper 
down,  the  quartz  will  consolidate,  in  all  probability,  into  a 
regular  vein.  Garnets  and  peroxide  of  iron  occur,  but  all 
mixed  confusedly  with  the  slate.  The  black  and  grey  slates 
are  not  auriferous,  whilst  the  red,  and  portions  of  the  white 
slates,  are. 

4  The  present  company  have  driven  two  good  adits,  one 
of  which  is  400  feet  in  length,  which,  by  draining  a  large 
amount  of  untouched  ore,  will  enable  them  to  w^n  the  con- 
tents of  the  mine  for  a  long  time,  without  any  additional 
expense  of  consequence  for  drainage.  The  gold  is  said  to 
be  worth  95  cents  per  dwt.' 

"  On  the  opposite  side  of  the  branch,  an  immense  series 
of  quartz  beds  comes  to  the  surface,  which  beds  are  more 
or  less  auriferous,  and  have  even  been  worked,  but  with 
great  difficulty,  owing  to  the  distance  from  water.  They 
occupy  the  crest  of  a  hill  of  considerable  elevation,  towards 
Blue  Creek,  forming  an  interesting  feature  of  the  landscape. 
(This  ridge  is  known  locally  as  The  Devil's  Back-bone,  and 
extends  for  several  miles  in  a  North  Easterly  direction,  W. 
B.  P.) 

"  On  the  tributaries  of  the  Creek,  a  great  amount  of 
gravel  has  been  washed,  in  years  past,  for  gold,  and  With 
much  success,  but  these  works  have  been  abandoned  years 
since." 

Thus  far  Prof.  Tuomev. 
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I  can  only  confirm  what  is  here  stated  as  to  Silver  Hill, 
the  work  has  been  carried  on  in  a  haphazard  way  by  first 
one  set  of  miners  and  then  by  another.  I  could  not  get  into 
the  lower  works  but  from  what  appe&rs  on  the  surface  there 
is  sufficient  evidence  of  the  wasteful  and  unscientific  methods 
which  were  pursued.  That  there  is  good  ore  still  at  Silver 
Hill  the  following  assays  will  show.  The  samples  were 
taken  at  random  from  some  old  dumps : 

No.  1276.     Bluish  crystalline  quarts,  carrying  pyrite. 

Gold 4  9-10  ozs.  per  ton.)     ,r  ,  .       *1A<  ao 

Silver 3  7- 10  ozs.  per  ton.  \     Value  Per  ton  *]  °4"98- 

No.  1277.     Yellowish  suary  quartz. 

f  °ld  •  •  •  •  f\*  °z8-  ***  ,t0n-  !•     Value  per  ton  $8.56. 
Silver 3-10  ozs   per  ton.  f  r  ▼ 

No.  1278.     Light  yellow  sugary  quartz,  gave  traces  of  gold  and  silver. 

No.  1276  represents  the  ore  which  is  found  in  the  bottom 
of  an  80  ft.  shaft,  so  I  was  informed  by  Mr.  Isham  Worsham, 
who  worked  at  Silver  Hill  many  years  ago.  Of  course  it 
can  not  be  said  that  all  the  ore  is  of  this  quality,  I  am  even 
disposed  to  think  that  but  little  of  it  is  so  good.  Mr.  Wor- 
sham described  the  vein  as  being  about  five  feet  in  width 
and  as  carrying  a  good  deal  of  sulphuret.  The  shaft  was 
entirely  filled  with  water  at  the  time  of  my  visit  in  August, 
1891.  I  have  some  interesting  letters  concerning  Silver 
Hill  from  Major  C.  H.  Parmalee,  Ass't.  Treas.  of  the  White 
Breast  Fuel  Co.,  18  Broadway,  N.  Y.  As  they  contain 
some  valuable  information  regarding  the  value  of  the  ore,  I 
reproduce  them  here,  omitting  such  parts  as  are  of  a  purely 
personal  nature. 

Copy. 

White  Breast  Fuel  Co., 

18  Broadway,  N.  Y., 

Sep't  1st,  1891. 

Mr.  W.  B.  Phillips,  Univ.  Ala. 

Dear  Sir  :  Your  very  kind  favor  of  the  27th  Aug.  re- 
ceived, also  the  report  of  the  Thies  Process  of  treating  low 
grade  gold  ores,  for  which  I  thank  you  very  much. 

"Before  the   War,"   Prof.    Emmons,  State  Geologist  of 
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N.  C,  made  an  examination  for  me  of  the  Silver  Hill  prop- 
erty. I  will  hunt  it  up  and  send  it  to  you.  Mr.  R.  C.  Hills, 
the  Geologist  of  our  Goal  Companies,  also  made  a  partial 
examination  of  Silver  Hill  and  Gregory  Hill.  I  think  I 
have  his  letter  and  the  results  of  some  assavs  he  made, 
which  I  will  also  send  you.  (Neither  of  these  reports  has 
come  to  hand,  W.  B.  P.,  Feb.  15th,  1892.)  Many  years  ago 
1  had  some  assays  made  oi  Silver  Hill  ores  but  can  only  say 
that  the  lowest  was  $15.00  per  ton  and  highest  $500.  Some 
Cincinnati  parties  a  few  years  ago  had  assays  made  of  Sil- 
ver Hill  sulphuret  ores,  and  told  me  that  the  average  was 
$30.00.  I  worked  from  the  North  end  of  Gregory  Hill 
(two  miles  N.  E.  of  Silver  Hill,  W.  B.  P.)  ten  years  ago 
about  1200  tons  of  the  ore,  without  any  selection.  It. 
averaged  $1.75  per  ton.     My  screens   were  very  coarse,  and 

we  knew  but  little  about  the  business I 

think  that  Gregory  Hill  would  average,  without  selection, 
$2.00  per  ton  and  at  a  cost  of  50  cents  per  ton :  ample  water 
can  be  obtained  for  20  stamps,  say  60  tons  per  day.  I  think 
it  would  be  safe  to  call  the  Silver  Hill  refactory  ores  $25.00. 
I  once  got  $14.00  free  gold  per  ton  from  8  tons  of  refuse 
Silver  Hill  ore.  It  was  hauled  from  the  surface  yard  at  Sil- 
ver Hill  to  the  5  stamp  Battery  I  had  near  Gregory  Hill. 
Same  screens  were  used.  The  ore  was  partially  decompos- 
ed by  weather  exposure,  say  for  twenty  years 

Yours,  C.  H.  P." 

In  this  letter  Major  Parmelee  also  says  in  regard  to  Hog 
Mt. :  "A  Mr.  Phillips,  a  mining  engineer,  examined  Hog 
Mt.  for  Burke  of  New  Orleans.  He  said  to  me  it  was  a  very 
valuable  property  because  of  the  cheapness  with  which  it 
could  be  worked.  His  test  of  the  ore  ranged  from  $6.00  to 
$16.00  per  ton." 

Copy. 

"New  York  Club, 

5th  Ave.  and  35th  St., 

Oct.  2nd,  1891. 

Mr.  W.  B.  Phillips,  Univ.  Ala. 

You  are  probably  not  aware  that  there  is 
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a  shaft  sunk  about  90  feet  down  square  on  to  the  sulphuret 
vein — at  least  30  feet  or  more  below  any  of  the  old  works 
It  was  in  this  shaft  that  Prof.  Emmons  ex- 
amined the  vein.  It  has  been  sunk  about  20  feet  deeper 
since  that  time.  The  old  workings  will  not  interfere  with 
this  shaft  in  any  way.  There  is  also  another  shaft  on  the 
same  vein  about  150  feet  west  of  this  (what  I  call  No.  1 
shaft)  that  can  be  cleaned  out.  The  ore  from  these  shafts 
will  assay  from  $15.00  to  $50.00.  The  vein  so  far  as  strip- 
ped averaged  from  18  to  24  inches.    This  is  very,  very  hard 

and  so  are  the  walls 

I  am  very  truly  yours, 

C.  H.  Parmelbe." 
At  Dent  Hill,  half  a  mile  north-east  of  Silver  Hill,  some 
work  has  been  done  on  a  curious  mixture  of  talcose  schist 
and  quartz,  but  I  was  unable  to  find  more  than  $2.06  per 
ton  of  gold  in  the  sample  taken.  At  this  point  begins  the 
Devil's  Back-bone,  previously  spoken  of,  and  continues  for 
several  miles  in  a  northeasterly  direction.  It  is  a  very  bold 
out  crop  of  a  sandy,  friable  quartz,  almost  like  a  sandstone, 
varying  in  width  from  six  to  fifty  feet,  and  carrying  some 
gold.  From  Silver  Hill  to  a  point  opposite  the  Gregory 
Hill  in  Sec.  33,  T.  21,  R.  22,  I  took  8  samples  but  found  no 
more  than  $2.06  of  gold  per  ton  in  any  on  them.  All 
showed  this  amount  of  metal.  Seven  of  the  samples  were 
taken  between  Dent  Hill  and  Farrar's  Mill  along  the  out- 
crop, the  other  one  from  a  point-  on  the  ridge  directly  op- 
posite Gregory  Hill,  where  the  wagon  road  crosses  the  vein. 
This  tremendous  out-crop  of  quartz  is  one  of  the  prominent 
features  of  the  landscape,  as  already  remarked  by  Prof. 
Tuomey,  ahd  is  remarkably  uniform  for  miles.  I  was  along 
it  for  about  five  miles  and  observed  that  at  no  place  did  it 
appear  to  show  any  deviation  from  its  typical  character.  It 
is  in  most  places  stained  of  a  light  yellowish  color,  and,  on 
crushing  and  panning  leaves  traces  of  undecomposed  pyrite 
and  black  iron  sand.  It  has  occurred  to  me  that  the  pres- 
ence of  gold  in  the  highly  graphitic  schists  of  Gregory  Hill 
and  Blue  Hill  may  be  due  to  leaching  from  this  enormous 
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mass  of  quartz,  the  strike  and  dip  of  the  two  being  nearly 
the  same.  These  schists  are  in  places  very  rich  in  free  gold 
but  do  not  yet  evince  the  presence  of  pyrite ;  the  gold  is 
coarse  and  free.  A  fuller  description  of  Gregory  Hill  and 
Blue  Hill  will  enable  one  to  see  the  force  of  this  suggestion. 
The  entire  locality  is  brim  full  of  interest  to  the  geologist 
and  to  the  practical  miner,  to  the  first  on  account  of  the 
association  of  gold  with  schists  heavily  charged  with  gra- 
phite, and  to  the  latter  on  account  of  the  ease  with  which 
mining  can  be  carried  on  here. 

GREGORY  HILL:  BLUE  HILL. 

Location,  Sec.  33,  T.  21,  R.  22,  Tallapoosa  County.  The 
ore  here  is  a  mass  of  highly  graphitic  schist  holding  numer- 
ous small  seams  of  quartz.  It  is  readily  mined  and  easily 
crushed  or  stamped.  I  took  two  samples  of  twenty-five 
pounds  each,  from  the  top  of  the  hill,  mixed  them  well  and 
the  sample  then  gave 

£<?ld ?-^°2'  Per  lon\     Value  per  ton,  $6.30. 

Silver 1-10  oz.  per  ton  J  r  *   T 

A  good  deal  of  work  has  been  done  here  at  one  time  or 
another.  Major  Parmelee  has  a  fifteen  stamp  mill  at  work 
and  as  the  ore  is  readily  treated  the  stamps  weigh  450 
pounds  each.  There  is  not  sufficient  water  for  more  than 
twenty  stamps  within  a  mile  of  the  mill.  I  do  not  know 
what  the  ore  yields  in  the  mill.  It  seems  to  me  that  Bolls 
would  do  better  work  on  this  class  of  ore  than  stamps. 
There  is  sufficient  ore  in  sight  to  warrant  much  more  ex- 
tensive works  and  I  belive  that  with  good  management  a 
handsome  profit  could  be  secured. 

The  same  ore  shows  also  a  Blue  Hill  in  the  same  Section. 
A  sample  taken  from  the  mass  gave  * 

£?ld J-JJ}  oz*    Per  \°H     Value  per  ton,  |8.46. 

Silver 2-10  oz.   per  ton  J  r  »  * 

I  panned  several  pans  from  Gregory  Hill  and  from  Blue 
Hill  and  each  one  gave  ^coarse  gold.  At  Gregory  Hill  it  is 
almost  impossible  to  take  a  pan  from  any  place  on  the  top 


ORE  AT  GREGORY  HILL.  ;     63 

of  the  hill,  where  the  ore  has  been  mined,  without  getting 
free  gold,  the  surface  earth  yields  good  panning  and  when 
one  takes  the  ore  itself  extraordinary  results  are  obtained. 
I  have  never  seen  better  panning  anwhere  than  from  this 
locality.  I  do  not  think  that  the  operations  at  present  con- 
ducted there  are  based  on  sound  principles  of  mining  or  of 
milling.  From  the  methods  used  there  must  be  a  consider- 
able loss  which  could  be  avoided  by  a  better  system. 

I  was  much  pleased  with  the  ore  at  Gregory  Hill ;  while 
it  may  not  run  over  $6.00  per  ton  yet  it  can  be  mined  and 
milled  at  a  slight  expense.  The  chief  item  will  be  the  water. 
•There  may  be  enough  for  fifteen  or  twenty  stamps  during  a 
favorable  season,  but  during  "a  %ry  spell"  the  supply  be- 
comes scarce  and  uncertain.  But  little  work  has  been  done 
at  Blue  Hill  yet  the  general  character  of  the  ore  is  the  same 
as  at  Gregory  Hill.  The  neighboring  ravines  have  been 
prospected  and  some  of  them  washed  for  gold  during  wet 
weather,  and  I  was  informed  by  Mr.  Ishara  Worsham,  an 
old  miner  of  these  parts,  that  he  hacf  often  gotten  good  re- 
sults from  the  gravel.  Gravel  washing,  however,  owing  to 
the  scarcity  of  water,  is  not  to  be  considered  either  at 
Gregory  Hill  or  at  Blue  Hill,  unless  indeed  the  waters  of 
Blue  Creek  be  called  into  use  by  means  of  powerful  pump- 
ing machinery.  This  is  a  bold  stream  of  water  and  could  be 
tapped  at  a  distance  of  about  one  mile.  For  twenty  or 
thirty  feet  in  depth  the  ore  at  Gregory  Hill  could  be  easily 
disintegrated  by  the  hydraulic  process,  and  if  it  should  be 
proved  by  experience  that  stamps  do  not  suit  the  ore  I  know 
of  nothing  better  than  the  treatment  referred  to. 

Other  localities  in  Tallapoosa  County  have  been  the  seat 
of  old  mining  operations,  or,  rather  of  gold  washing,  as  for 
instance  the  Long  Branch  about  one  mile  south  of  Silver 
Hill,  where  a  great  deal  of  work  has  been  done,  with  good 
results.  The  Owl  Hollow,  in  the  same  vicinity,  is  also 
another  famous  place  for  gold  gravel.  The  Long  Branch  is, 
next  to  Silver  Hill,  the  most  famous  place  in  this  part  of  the 
county,  as  tradition  informs  us  that  it  yielded  much  gold 
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iorty  and  fifty  years  ago.  I  was  unfortunately  prevented 
from  visiting  it,  nor  did  I  see  the  Owl  Hollow.  I  am  in- 
formed by  old  miners  that  the  cream  of  the  gravel  in  both 
places  has  long  since  been  removed. 

At  the  Bonner-Terrell  Mine,  about  ten  miles  north-east 
of  Dadeville,  some  work  has  been  done,  but  I  could  not  visit 
it  and  hence  have  no  assays  of  the  ore  and  know  nothing 
about  it  except  that  it  is  6aid  some  of  the  ore  was  very 
good. 

Near  Perry's  old  mill  on  the  Tallapoo&a  River,  not  far 
from  Dudley  ville,  according  to  Tuomey,  is  the  Morgan  Mine. 
He  says  (Report  of  1858,  p.  64):  "This  is  situated  on  a# 
branch  very  near  the  river^  It  is  a  deposit  mine,  composed 
of  a  thick  bed  of  coarse  gravel.  Some  veins  in  the  neighbor- 
ing rocks  appear  to  be  auriferous.  The  mine  was  just  opened 
at  the  time  of  my  visit  and  was  attracting  much  attention." 

The  south-western  corner  of  Tallapoosa  County  below  the 
Long  Branch,  is  the  southern  limit  of  the  gold  region  of  the 
State.  It  is  said  that  a4ittle  placer  mining  has  been  carried 
on  in  the  north-western  part  of  Elmore  where  it  adjoins  Tal- 
lapoosa County,  but  I  have  been  unable  to  find  any  reliable 
evidence  that  it  was  more  than  a  mere  prospecting. 

Chambers  County,  also,  belongs  to  the  Lower  Gold  Belt, 
but  so  far  as  is  known  no  gold  mining  has  been  attempted 
within  its  borders.  Heavy  quartz  seams  are  found  in  the 
county  as  far  south  as  LaFayette,  but  they  have  not  been 
examined.  It  is  very  likely  that  the  northern  portion  of 
the  county  is  penetrated  by  some  of  the  seams  belonging  to 
the  Gold  ville  Belt.  Investigations  on  this  point  will  be  un- 
dertaken during  the  summer  of  1892  and  the  results  will  ap- 
pear in  the  next  report.  Two  complete  sections  across  the 
gold  fields  will  also  be  incorporated  in  the  Report  on  the 
Upper  Gold  Belt  as  it  was  thought  best  to  defer  this  until 
the  lines  could  be  run  to  the  Alabama-Georgia  boundary. 

It  is  likely  that  the  outlook  in  the  Upper  Belt  is  better 
than  in  the  Lower  Belt,  particularly  in  the  vicinity  of  Arba- 
coochee,  where  placer  mining  has  been  carried  on  for  fifty 
years,  and  Bell's  Mills,  Idaho,  Extension  Mine,   Pinetucky 
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(where  a  ten- stamp  mill  is  now  at  work),  and  other  localities 
in  Cleburne,  Randolph,  Talladega  and  Clay  Counties.  The 
survey  to  be  undertaken  this  summer  (1892)  will  cover  these, 
localities. 
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[TRANSACTIONS  OF  THE  AMERICAN   INSTITUTE  OF  MINING 

ENGINEERS.] 

N.  Y.  Meeting,  Sept.,  1890. 

THE  THIES  PROCESS  OF  TREATING  LOW-GR\DE 

AURIFEROUS  SULPHIDES  AT  THE  HAILE 

GOLD  MINE,  LANCASTER  COUNTY, 

SOUTH  CAROLINA. 

* 

BY   A.   THIES,  CONCORD,  N.  C,  AND   WM.  B.   PHILLIPS,   UNIVERSITY 

OF    ALABAMA,   TUSKALOOSA,   ALA. 

1.  Introductory  Remarks. — The  Haile  Gold  Mine  is  in 
Lancaster  county,  South  Carolina,  3 -J-  miles  east  of  Kershaw 
station  on  the  Charleston,  Cincinnati  and  Chicago  Railway. 
It  was  first  opened  about  the  year  1832,  and  since  that  time 
has  passed  through  various  fortunes.  Many  different  opera- 
tions have  been  practiced  here  for  extracting  gold :  pan- 
ning, grinding  in  Chilian  mill*  or  arrastras,  stamping,  the 
Designolle  process,  dry  crushing,  and  finally  the  Thies  proc- 
ess of  barrel-chlorination,  which  has  now  been  in  successful 
use  for  2£  years,  and  by  which  36,000  tons  of  ore  have  been 
treated  profitably. 

The  Thies  process  is  in  brief  the  treatment  of  dead-roasted 
auriferous  concentrates  (pyrite,  sometimes  also  chalcopyrite, 
as  at  the  Phoenix  mine,  Cabarrus  Co.,  N.  C),  with  nascent 
chlorine,  without  artificial  pressure  or  exhaust,  in  lead-lined 
iron  cylinders  ;  the  throwing  of  the  mass  on  a  sand  filter ; 
and  the  quick  filtration  and  precipitation  of  the  gold  chlo- 
ride with  fresh  and  active  ferrous  sulphate.  The  gold  is 
precipitated  as  metallic  gold  of  a  reddish-brown  color 
which,  after  being  allowed  to  settle  completely,  is  collected, 
washed,  dryed  and  melted  with  soda  and  borax  in  graphite 
pots  and  cast  into  bars. 
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The  efficiency  and  economy  of  the  process  are  such  that, 
in  working  on  a  large  scale,  crude  ore  of  the  assay-value  of 

m 

$4  per  ton,  carrying  about  one-third  of  its  gold  free  and  two- 
thirds  in  sulphurets,  can  be  profitably  treated.  At  the 
Haile  mine  36,000  tons  of  such  ore  have  been  successfully 
treated^  and  it  is  now  mined  and  treated  at  the  rate  of  80 
tons  per  day  of  24  hours. 

It  should  be  observed  at  the  outset  that  the  chlorination 
system  here  used  is  not  patented.  Any  one  is  free  to  em- 
ploy it ;  and  therefore  what  is  said  of  it  in  the  present  paper 
is  without  any  bias  of  commercial  interest.  It  is  the  second 
attempt  to  introduce  into  the  southern  gold-fields,  on  a  large 
scale,  the  chlorination  of  roasted  ore  in  place  of  amalgama- 
tion, and  as  aft  adjunct  to  amalgamation  before  roasting. 

The  uniform  and  most  gratifying  success  attending  the 
use  of  this  process  for  several  years  at  the  Phoenix  mine, 
Cabarrus  Co.,  N.  C,  (see  Trans,  xvii.,  313)  induced  the 
owners  of  the  Haile  property  to  introduce  it  at  these  mines 
under  the  personal  supervision  of  Mr.  A.  Thies.  Mr.  Thies* 
improvements  on  the  old  Mears  'chlorination  process  have 
been  fully  set  forth  in  the  paper  above  referred  to.  With- 
out severing  his  connection  with  the  Phoenix  Co.,  he  took 
charge  of  the  Haile  mine  in  January,  1888,  where  he  ope- 
rated 20  stamps  from  that  time  to  January  last,  and  since 
the  latter  date,  has  added  40  stamps,  making  a  present  total 
of  60  in  operation. 

By  this  process  of  chlorination  there  have  been  treated 
since  1880  at  the  Phoenix  mine  5,000  tons  of  concentiates, 
and  at  the  Haile,  since  May,  1888,  the  date  of  the  beginning 
of  the  work  here,  2353  tons. 

This  statement  is  sufficient  evidence  that  the  process  is 
conducted  upon  a  commercial  scale,  and  has  long  since 
passed  the  experimental  stage.  There  is  now  no  more  rea- 
son to  doubt  its  success  as  applied  to  low-grade  auriferous 
sulphides  than  to  doubt  the  success  of  the  Thomas  process 
in  the  manufacture  of  steel.  Nor  is  it  too  much  to  claim  for 
it  that  it  stands  metallurgical^  towards  the  other  and  older 
processes  for  the  extraction  of  gold  as  the  Thomas  process 
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stands  towards  the  other  and  older  processes  lor  the  manu* 
facture  of  steel.  Both  these  processes  were  successfully  ap- 
plied about  the  same  time.  They  are  vital  improvements 
upon  the  ideas  of  previous  unsuccessful  applications  ;  and 
they  deal  with  materials  that  hitherto  had  baffled  all  at- 
tempts at  utilization,  the  one  with  high-phosphorus  iron- 
ores,  and  the  other  with  low-grade  sulphuret  gold-ores. 

In  order  to  realize  the  especial  significance  of  the  Theis 
process  to  the  metallurgy  of  gold,  it  is  only  necessary  to 
recall  the  history  of  southern  gold  mines  for  the  past  fifty 
years.  It  is  a  history  of  disappointed  hopes.  The  capital 
invested  in  such  mines  has  been,  to  say  the  least,  extremely 
unproductive.  Even  during  the  last  six  or  eight  years, 
when  any  one  who  chose  might  have  ascertained  for  himself 
the  true  method  of  treating  these  ores,  the  old  state  of 
affairs  has  continued,  and  the  old  story  has  repeated*  itself. 

The  elements  combined  in  this  successful  solution  of  the 
problem  are  concentration,  roasting  and  chlorination.  They 
go  hand  in  hand ;  each  is  incomplete  without  the  others.* 
But  what  distinguishes  this  process  from  all  others  is  the 
method  of  applying  the  chlorine  to  the  roasted  ore,  of  which 
we  shall  speak  later. 

Since  a  complete  account  of  the  process  requires  some 
notice  of  the  conditions  under  which  it  is  employed  at  the 
Haile  mine,  this  paper  will  briefly  describe  the  geological 
occurrence  of  the  ore  ;-  the  operation  of  mining  and  trans- 
portation to  the  mills;  and  the  milling  and  concentrating ; 
aftep  which  an  account  will  be  given  of  the  roasting  and 
chlorination,  including  the  delivery  of  the  gold-solution  to 
the  precipitating-vats,  and  finally,  the  precipitation,  collec- 
tion and  smelting  of  the  gold. 

2.   Geological  Occurrence  of  the  Ore. — For  a  more  detailed 

description  of  the  geological  conditions,  the  paper  of  Messrs. 

Thies  and  Mezger,  which  is  presented  simultaneously  with 
this,  may  be  consulted,  and  reference  may  be  conveniently 
made  to  the  geological  sketch-map  by  Mr.  Mezger,  which 
accompanies  that  paper.  It  is  not  intended  here  either  to 
controvert  or  fully  to  adopt"  the  conclusions  there  6et  forth, 
the  simple  reason  being  that  the  two  papers   have   been 
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prepared  independently,  and  there  has  been  no  subsequent 
consultation  of  all  the  writers  concerned. 

The  ore  at  the  Haile  mines  is  a  mixture  of  pyrite  and 
stratified  talcose  slate.  The  strike  of  the  strata  varies  from 
X.  52°  E.  to  N.  73°  E.,  and  the  dip  (nortwesterly)  from  45° 
to  75°.  The  foot- wall  is  soft  talcose  elate,  colored  yellowish, 
brownish  and  red  by  iron-salts,  and  showing  cross-joints. 
The  hanging-wall  is  (often  if  not  always)  greenstone.  From 
the  foot-wall  towards  the  hanging  wall  there  is  a  well- 
marked  increase  in  the  hardness  of  the  ore  ;  bands  of  sili- 
ceous matter  appear,  and  veinlets  and  veins  of  almost  pure 
pyrite,  from  the  thickness  of  £  inch  to  1^  foot.  These 
streaks  of  pyrite  cut  across  the  slates  in  all  directions  and 
are  also  at  times  parallel  to  them.  Now  and  then  masses  of 
considerable  hardness  are  also  found  near  the  foot-wall,  but 
whether  they  occur  here  or  in  the  vicinity  of  the  hanging- 
walls,  they  are  evidently  derived  from  the  talcose  slates. 
It  is  believed  that  whatever  be  the  earthy  material  mixed 
with  the  slates  in  the  ore- bearing  mass,  it  has  been  derived 
from  the  slates  themselves.  Even  the  very  siliceous  mate- 
rial found  near  the  hanging-wall  and  bearing  no  close  re- 
semblance to  the  slates  either  in  color,  hardness  or  stratifi- 
cation, was  doubtless  derived  from  them. 

Several  dikes,  seemingly  of  diabase,  cross  the  slates  at 
irregular  intervals.  On  the  accompanying  diagram  they  are 
shown  as  cutting  the  slates  at  right  angles  to  their  strike. 
This  is  not  quite  true ;  but  the  variations  are  slight.  Be- 
tween these  dikes  lie  the  immense  deposits  of  talcose  slates, 
impregnated  with  gold  bearing  pyrite  and  with  more  or  less 
free  gold.  The  free  gold  is  generally  fine.  Wherever  the 
slates  are  rich  enough  in  free  gold  and  in  pyrite,  they  are 
mined.  The  richer  streaks  are  of  various  widths,  from  2 
feet  to  30  feet,  and  are  of  the  same  general  character  as  the 
main  body  of  the  slates.  In  immediate  proximity  to  the 
dikes,  as  well  as  to  the  hanging-walls,  the  slates  are,  as  a 
rule  (with  some  exceptions)  richer  than  elsewhere. 
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As  to  the  correlation  between  the  dikes  and  the  ore- 
masses,  little  will  be  said  here.  That  the  dikes  do  influence 
the  richness  of  the  ore  favorahly  seems  to  be  beyond  ques- 


tion, but  it  is  not  so  easy  to  say  why.  Nor  can  we  speak 
positively  as  to  the  nature  of  the  dikes  themselves.  They 
stand  nearly  vertical ;  they  cut  the  strike  of  the  slates  nearly 
at  right  angles;  they  exercise  a  favorable  effect  upon  the 
richness  of  the  ore;  but  whether  they  are  strictly  diabase  or 
not,  and  whether  they  are  of  plutonic  origin  or  not,  will  not 
be  discussed  here. 
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3.  2  he  Mining  and  Transportation  to  the  Mills. — In  such 
thick  masses  of  ore,  choice  must  be  made  between  taking 
out  all  the  ore  (sustaining  the  walls  with  timbers)  and  tak- 
ing such  ore  as  can  be  extracted,  using  as  little  timber  as 
possible,  and  leaving  pillars.  The  first  plan  is  not  to  be 
thought  of  here,  on  account  of  the  varying  value  of  the  ore, 
the  enormous  amount  of  timber  required  and  the  expense 
connected  with  keeping  it  in  sound  condition.  The  other 
plan  was  therefore  adopted  and  has  worked  satisfactorily. 
The  levels  are  driven  from  60  to  70  feet  apart  and  connected 
at  different  points  by  winzes  which  serve  during  stoping  as 
ore-shoots.  Between  these  winzes  main  pillars  are  left, 
while  the  ore  is  stoped  on  each  side  of  the  pillars  from 
hanging  to  foot,  leaving  sufficient  solid  ore  against  the  hang- 
ing-wall to  insure  safety. 

Of  the  mines  partly  opened  and  worked  in  earlier  years, 
the  Bequelin  (formerly  known  as  the  Blauvelt)  is  now  in 
active  operation.  The  main  shaft  has  reached  a  depth  of 
194  feet  on  the  dip  of  the  ore,  of  which  15  feet  are  used  for 
a  sump.  The  levels  are  driven  east  and  west  from  the  shaft 
at  intervals  of  60  ieec,  and  the  ore  is  trammed  from  chutes 
at  the  180  foot  level  to  the  main  station  to  be  hoisted  by 
double  skips  to  the  surface.  From  80  to  100  tons  are  hoisted 
in  24  hours. 

The  system  of  mining  would  require  for  its  full  discussion 
a  separate  paper.  It  may  be  characterized  here  as  the 
pillar  system  (Pfeilerbau)  generally  employed  when  exces- 
sive timbering  is  to  be  avoided. 

The  drilling  is  done  by  double-hand,  single  hand  and 
machine-drills.  For  this  latter  purpose  there  are  4  Ingersoll- 
Sargeant  Drills  of  3|-inch  cylinder,  now  used  entirely  for 
development- work. 

The  plant  at  the  Bequelin  shaft  consists  of  2  boilers,  of 
90  and  35  horse-power  respectively,  which,  under  full  head- 
way, carry  from  75  to  80  lbs.  6team  pressure.,  consume  about 
6  cords  of  pine  wood  in  24  hours  (at  a  coet  of  $1.40  per 
cord,  delivered),  and  furnish  steam  to  one  20x30  Ingersoll 
air-compressor,  one  40  horse-power  Dickson  reversible  link- 
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motion  hoisting  engine,  one  20  horse-power  crusher-engine 
for  a  20x10  BJake  crusher,  and  one  No.  9  Davidson  mining 
pump,  of  200  gallons  per  minute  capacity.  The  ore  is 
hoisted  in  skips  which  discharge  automatically  upon  two 
grizzlies  and  thence  to  the  crusher.  One  man  can  load  60 
tons  per  ten  hours  on  the  skips,  which  hold  1500  lbs.  each. 

The  grizzlies  have  each  a  square  surface  of  32  feet,  and 
the  bars  are  set  1£  inches  apart  for  the  "shaft-smalls,"  while 
the  coarser  ore  goes  directly  to  the  20x10  crusher.  The 
grizzlies  and  crusher  discharge  into  an  ore-bin,  holding  30 
tons.  From  this  bin  the  ore  is  hauled  by  a  narrow-gauge 
locomotive  f  mile  to  the  mill ;  a  trainload  being  7  cars  carry- 
ing 3  tons  each.  An  engine-driver  and  two  boys  look  after 
the  loading  of  the  ore  from  the  bin  on  to  the  cars,  the  trans- 
portation to  the  mill  and  the  discharging  into  the  mill -bins. 
They  also  keep  the  track  in  repair. 

4.  Milling  and  Concentrating. — There  are  at  present  40 
6 tamps  working;  20  more  are  up,  but  not  quite  ready  to 
begin  dropping.  The  average  amount  of  ore  crushed  per 
stamp  per  24  hours  during  the  last  4  months  is  2.01  tons. 
The  stamps  weigh  750  lbs.  each,  and  drop  5£  inches  84  times 
per  minute.  The  screens  are  -36- mesh,  of  brass  wire. 
Formerly  40-mesh  slotted  Russian  sheet-screens  were  used, 
but  these  were  discarded  in  favor  of  the  wire-screens,  the 
latter  not  only  possessing  greater  durability,  but  giving  a 
far  more  uniform  pulp  for  concentration.  The  average  life 
of  the  wire-screen  has  been  6  weeks,  while  slot-screens  often 
had  to  be  thrown  out  in  14  days.  The  average  amount  of 
water  used  per  stamp  is  3£  gallons  per  minute,  and  the 
average  consumption  of  quicksilver  per  ton  of  ore  is  0.35 
ounces.  The  average  wear  and  tear  of  shoes  and  dies  per 
ton  of  ore  stamped  is  1.3  pound. 

The  area  of  inside-plates  per  battery  of  5  stamps  is  1.75 
square  feet,  and  of  out3ide-plates  32  square  feet,  with  a 
2-ineh  inclination  to  the  foot.  There  are  3  boilers  of  50 
horse-power  each  and  one  Harris-Corliss  engine  of  150  horse- 
power. The  40  stamps  are  run  with  a  steam- pressure  of  50 
pounds. 
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The  mill  is  of  the  back-to-back  type,  30  stamps  on  east 
and  30  stamps  on -west  side.  Each  double  battery  has  its' 
own  camshaft,  which  is  driven  by  belt  from  a  pulley  on  the 
shaft  common  to  all  the  stamps  on  the  same  side.  The  east 
batteryshaft  and  the  west  battery  shaft  are  driven  by  steel 
bevel- gearing  from  the  main  shaft. 

The  railway-cars  are  bottom-dumpers,  and  discharge  their 
oro  on  the  iron  plated  comb,  dividing  the  east  side  bin  from 
the  west-side  bin.  These  bins  hold  150  tons  each,  and  dis- 
charge their  ore  into  Hendy  self  feeders.  The  angle  of  in- 
clination of  the  bin-bottom  towards  the  self-feeders  is  60°. 
The  battery-tailings  are  conveyed  to  the  concentrator 
through  open  launders  8x10  inches,,  with  cross  riffles,  one 
inch  high,  every  8  to  10  inches.  Total  length  of  launders, 
78  feet;  inclination,  £  inch  per  loot.  The  launders  discharge 
into  a  box  from  which  runs  a  series  of  small  launders  at 
right  angles  to  the  main  launder,  to  each  concentrator. 
There  are  16  Embrey  end  shake  concentrators,  8  to  each  20 
stamps.  The  distribution  table  for  the  battery-tailings  is 
provided  with  an  amalgamated  copper  plate  tor  saving  any 
free  gold,  amalgam  or  free  quicksilver  which  may  escape 
from  the  outside  battery-plates.  The  belts  are  set  with  2$ 
inch  inclination  and  travel  5  feet  per  minute.  The  number 
of  strokes  is  192  per  minute.  The  yield  in  concentrates  per 
ton  of  ore  stamped  averages  9  per  cent.,  i.  0.,  for  each  11  19 
tons  stamped,  there  is  a  yield  of  1  ton  of  concentrates.  The 
loss  in  sulphurets  is  about  10  per  cent. 

The  fire-assay  value  of  the  ore  delivered  to*  the  stamp  is 
$4.50  per  ton.  The  mint  returns  of  bullion  give  $3.90  per 
ton  of  ore  treated,  of  which  $1.45  is  to  be  credited  to  the 
stamps,  L  0.,  to  free  gold,  and  $2.45  to  sulphurets.  Taking 
the  value  of  the  ore  at  $4.50,  and  the  actu»l  yield  in  bullion 
at  $3.90,  we  have  an  indicated  loss  of  60  cents  per  ton,  or 
13£  per  cent.  Taking  the  yield  in  free  gold  at  $1.45  per  ton 
from  an  ore  worth  $4  50  per  ton  (or  approximately  32  per 
cent),  we  have  68  per  cent,  to  be  sent  into  the  concentrates. 
But  the  total  yield  in  free  gold  and  in  gold  from  the  sul- 
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phurets  is  $3.90  per  ton,  so  that  the  ratio  of  the  free  gold 
saved  to  the  total  amount  saved  is  approximately  38  per 
cent.,  and  of  the  combined  gold  62  per  cent.  An  ore  of  this 
kind  therefore  carries  about  one- third  of  its  gold  free  and 
about  two  thirds  combined. 

We  have  used  the  term  combined  gold  to  express  the  con- 
dition of  the  gold  that  is  not  free.  Whether  the  gold  that 
is  not  free  is  chemically  or  mechanicallv  diffused  in  the  sul- 
phurets.  or  both,  is  not  known.  Much  has  been  written 
upon  this  subject;  but  as  yet  we  are  not  warranted  in  adher- 
ing positively  to  either  view.  One  thing  appears  certain, 
viz.:  that,  no  matter  what  may  be  the  state  of  the  gold  in 
such  material,  it  must  be  thoroughly  roasted  before  it  can  be 
profitably  exiracted.  From  the  80  tons  of  ore  stamped  per 
24  hours,  thore  are  obtained  7. J-  tons  of  concentrates,  which 
gives  as  the  yield  of  each  concentrator,  a  little  less  than  one- 
half  ton.  The  concentrates  are  piled  in  a  shed  and  thence 
conveyed  by  rail  to  the  furnaces,  a  distance  of  1200  feet. 
The  average  assay-value  of  the  raw  concentrates  has  been, 
for  the  last  12  months,  $30  per  ton.  This  corresponds  closely 
to  the  estimated  value.  Assays  vary  from  $25  to  $35  per 
ton  of  2000  pounds.  The  percentage  of  sulphur  in  the  raw 
concentrates  varies  from  40  to  45  per  cent.  In  roasting, 
this  is  brought  down  to  from  0.25  to  0  40  per  cent,  and  the 
value  of  the  material  per  ton  is  increased  by  one-third,  i.  e., 
a  raw  concentrate  of  $30,  becomes  a  roasted  material  of  $40 
per  ton.         #  ~ 

5.  lioasting  and  Chlorinating. — The  roasting-plant  con- 
sists of  one  pan  revolving  furnace  (of  the  type  described  in 
the  paper  by  one  of  the  writers  previously  referred  to,  Tram. 
xvii.,  313),  two  double-hearth  reverberatoriee,  each  of  400 
square  feet  roasting-surface,  and  one  American  Spence 
furnace. 

The  capacity  of  the  pan-furnace  for  twenty-four  hours  is 
2£  tons  of  roasted  ore  (equal  to  3£  tons  of  raw  concentrates) 
and  that  of  each  reverberatory  furnace  2  tons  of  roasted  ore 
(equal  to  2f  tons  of  raw  concentrates).  The  yield  of  roasted 
ore  per  day  of  twenty- four  hours  is  6£  tons  from  one  pan 
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and  two  reverberatories.  The  consumption  of  wood  is  one- 
half  cord  for  each  furnace  per  ton  of  roasted  ore.  Each 
furnace  is  attended  by  four  men  for  twenty  four  hours,  who 
do  all  the  work  of  charging,  firing  and  rabbling,  and  also 
deliver  the  roasted  ore  on  the  cooling  floor.  They  are  paid 
$1  00  per  day  of  twelve  hours.  The  wood  used  is  pine  and 
costs  $1.40  per  cord  delivered.  Mr.  Spilsbury,  in  a  paper 
read  before  the  Institute  in  1883,  (Trans,  xii.,  103)  puis  the 
roasting  capacity  of  the  reverberatory  furnace  at  6  to  10  tons 
per  day  ot  twenty-four  hours.  This  is  not  practicable  when 
the  product  is  to  be  so  roasted  as  to  be  suitable  for  ehloiina- 
tion.  No  such  feat  has  been  accomplished  in  that  kind  of 
roasting  by  «ny  furnace,  modern  or  ancient,  automatic  or 
otherwise.  It  should  be  added  that  tiie  roasting  to  which 
Mr.  Spilsbury  refers  was  followed  by  amalgamation. 

In  November,  1889,  an  American  Bpence  furnace  was 
built,  but  the  expectations  entertained  concerning  its  opera- 
tion were  not  realized,  and  the  furnace,  after  many  unsatis- 
factory attemptr,  has  been  idle  since.  The  difficulties  en- 
countered were :  1st,  the  matting  ot  the  iron  rakes  whereby 
they  were  prevented  from  swinging  on  their  axis ;  and  2d, 
the  banking  of  the  ore  on  both  ends  of  the  shelves. 

The  first  difficulty,  viz.,  the  clogging  of  the  rakes  by  the 

fine  ore,  wa«  in  part  overcome  by  providing  the   rake  with 

a  sheet-iron  hood.     But  although  this  gave  some  help,  it  did 

not  altogether  remove  the  trouble.     The  swinging  ot  the 

rakes  on  their  axis  is  a  sine  qua  non  of  their  efficiency,  and 

just  in  the  measure  in  which  this  is  prevented,  in  the  same 

measure  is  the  roasting  hindered.     If  the  rakes  cannot  swing 

they  cannot  rabble  the  ore,  and  without  this  no    thorough 

roasting  is  possible.     This    trouble  is  intimately  connected 

with  the  second  difficulty,  viz ,  the  banking  of  the  ore  at  the 

ends  of  the  shelves. 

Under  the  present  construction  of  the  furnace  the  differ- 
ence between  the  length  of  the  roads  which  move  the  rakes 
is  6  inches,  so  that  when  the  ore  drops  from  a  6helf  to  the 
one  underneath,  the  rake  on  the  lower  shelf  is  6  inches  in 
advance  of  the  rake  on  the  upper.  This  distance  is  not  suffi- 
cient to  prevent  the  fine,  red-hot  ores  from  falling  upon  the 
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lower  rake  as  they  are  discharged  from  the  upper  -shelf. 
These  ores  move  very  easily — they  may  almost  be  said  to 
flow;  and  they  begin  to  fall  through  the  opening  when  the 
rake  is  12  to  14  inches  from  it.  In  this  way  the  ore  falls  in 
front  and  on  top  of  the  lower  rake,  and  is  pushed  byt  it 
towards  the  end  of  the  shelf.  In  its  batfk-stroke,  the  rake, 
being  clogged  by  the  fine  ore  falling  on  it,  cannot  take  with 
it  all  of  the  ore  that  it  pushed  forward.  Some  is  left,  and 
the  pile  grows  larger  and  larger,  until  finally  the  entire  end 
of  the  shelf  is  full  of  ore.  The  alternate  pushing  and  pulling 
of  the  clogged  rakes  causes  a  banking  of  the  ore  at  both  ends 
of  the  shelves.  After  several  weeks  of  continual  trouble  and 
worry  it  was  finally  decided  to  discontinue  the  attempt  to 
utilize  this  furnace  for  chlorination-roasting. 

The  principle  on  which  the  Spence  furnace  works  is  cor- 
rect in  every  detail,  and  it  is  undoubtedly  the  proper  furnace 
for  roasting  coarse  ores  for  smelting  purposes  where  a  com- 
plete elimination  of  the  sulphur  is  not  wanted.  A  chlorina- 
tion-roast,  however,  must  be  a  uniform  dead-roast,  and  no 
furnace  which  will  not  deliver  material  in  that  condition  can 
be  used. 

From  the  furnaces  the  ore  goes  to  the  cooling  floor  where 
it  is  allowed  to  cool ;  then  it  is  dampened  with  water  and 
elevated  to  the  chlorination-floor. 

The  chlorination-plant  consists  of  two  chlorinators,  eight 
filters,  two  storage  tanks  for  the  filtered  solutions,  thirteen 
precipitating  tanks,  two  settling  tanks  for  precipitates,  a 
storage-tank  for  sulphuric  acid,  and  a  tank  for  preparing  the 
ferrous  sulphate  (copperas). 

As  regards  the  chlorination,  no  better  description  of  what 
is  now  done  at  the  Haile  can  be  written  than  is  contained 
in  a  letter  from  Mr.  Thies  to  Mr.  C.  N.  Aaron,  published  in 
the  Eighth  Annual  Report  (he  State  Mineralogist  of  Cali- 
fornia, 18S8,  pp.  844-846. 
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Mr.  Thies  says : 

Phcenix  MiNfis,  October  15,  1888. 

C.  N.  Aaron,  Esq_.,  San  Francisco,  Cal. 

Dear  Sir:  In  my  former  letter  I  promised  to  write  an  article  on  the 
44 Hydrometallurgy"  of  gold,  but  seeing,  through  the  pressure  of  business, 
that  it  will  be  impossible  for  me  to  do  justice  to  the  subject  to  get  it  ready 
for  print  by  tfie  1st  of  November,  I  will  here  give  you  a  brief  description 
of  the  barrel -chlori nation  as  in  practice  at  the  Phoenix  mines,  North 
Carolina,  and  the  Haile  gold-mine,  South  Carolina. 

The  success  of  barrel  -chlorination  I  attribute  to  the  generation  of  chlorine 
in  the  ore-pulp,  to  attrition  and  to  quick  filtering.  The  original  Mears 
process  'was  based  upon  the  presence  of  chlorine,  either  generated  outside 
and  forced  by  a  pump  into  a  lead -lined  cylinder  through  a  hollow  trunnion 
or  generated  by  the  use  of  chloride  of  lime  and  sulphuric  acid  in  6uch 
quantities  as  would  create  a  pressure  of  from  30  to  40  pounds  per  inch.  To 
ascertain  the  pressure,  a  lead-lined  gas-pipe  in  the  form  of  a  goose-neck 
(and  called  so),  passed  through  the  hollow  trunnion,  was  securely  fastened, 
provided  with  a  stuffing-box   and   connected    with   a  pressure-gauge.     In 

• 

using  chloride  of  lime,  the  inner  lead-lining  of  the  cylinder  was  provided 
with  a  sulphuric  acid  chamber  capable  of  holding  100  pounds  of  acid. 
While,  indeed,  the  result  in  working  well-roasted  ore6  was  satisfactory,  the 
annoyance  through  leakage;  the  continual  wearing  out  of  goose-neck;  the 
collapsing  of  the  inner  lead-lining  by  a  too  strong  exhausting  of  the  gas; 
by  being  too  otten  deceived  as  to  the  presence  of  chlorine,  when  pressure 
but  no  chlorine  waft  present,  causing  rehandling  of  the  ojj,  made  the  pro- 
cess an  expensive  and  unsatisfactory  one. 

In  this  annoying  way  I  worked  for  nearly  two  year6,  testing  meanwhile 
the  effect  of  a  highly  saturated  chlorine- water  under  attrition  without  pres- 
sure, and  when,  after  repeated  tests,  I  found  my  results  equally  as  good 
without  pressure  as  with  the  highest  pressure  (and  better  when  I  divided 
the  requisite  amount  of  chlorine  and  sulphuric  acid,  so  as  to  have  the 
nascent  gas  during  the  time  of  working),  I  remodelled  the  chlorinator  by 
closing  up  the  hollow  trunnion  and  removing  the  goose-neck  and  acid- 
chamber  and  substituted  a  lead  valve,  connected  with  the  inner  lead-lining 
in  such  a  way  that  the  presence  of  free  chlorine  can  be  ascertained  at  any 
moment,  and  no  charge  subject  to  chlorination  need  be  thrown  on  the 
filter  without  full  knowledge  of  the  work  being  complete. 

The  cast  or  sheet-iron  cylinder  (chlorinator)  is  42  inches  in  diameter  by 
60  inches  long.  The  heads  are  cast  and  securely  bolted  to  end -flanges  and 
provided  with  tight  and  loose  pulleys.  The  bung  for  the  introduction  of 
the  roasted  ore  and  chemicals,  6  incnes  in  diameter,  is  provided  with  a  lead- 
lined  cover,  which,  before  rotation,  must  be  closed  hermetically. 

The  interior  of  the  cylinder  is  lined  with  sheet-lead  of  10  to  12  pounds 
per  square  foot.  The  capacity  of  the  chlorinator  is  from  1  to  1 J^  tons  of 
roasted  ore.     Before  introducing  the  ore,  the  chlorinator  is  charged    with 
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from  TOO  to  125  gallons  of  water,  or,  I  might  say,  with  enough  water  to 
make  an  easy-flowing  pulp.  This  done,  the  roasted  ore  is  introduced,  half 
the  requisite  quantity  of  sulphuric  acid  is  then  poured  in,  and  lastly,  hr. If 
the  required  chloride  of  lime,  when  the  bung-hole  is  closed  and  the  chlor- 
iiator  is  set  in  motion  at  the  rate  of  fifteen  revolutions  per  minute. 

For  Phoenix  ores  I  used  40  pounds  of  chloride  of  lime  and  50  pounds  of 
commercial  sulphuric  acid  per  ton  of  roasted  ore;  but  I  charge  20  pounds 
of  chloride  of  lime  and  '24  pounds  of  acid  first,  rotate  for  three  or  four 
hours,  open  the  bung  and  charge  the  other  half,  having  found  better  results 
in  dividing  tne  chemicals.  Rotate  for  two  or  three  hours  longer,  and  if, 
by  the  aid  of  the  lead  valve,  free  chlorine  is  found  present  the  cover  is  re- 
moved from  the  bung-hole  and  the  chlorinated  ore  is  thrown  on  a  shallow 
filter.  0  by  S  feet,  provided  with  a  5-inch  filter-bed,  over  which  the  pulp 
spreads  to  a  thickness  of  about  4  inches. 

The  filter,  before  the  ore-pulp  is  thrown  on  it.  is  first  rloockd  with  clear 
water  from  below,  and  whin  the  water  stands  over  the  filter  the  discharge- 
hole  is  opened,  so  th;it  the  water  acts  a*-  n  cushion  against  the  ore-pulp, 
prevents  the  packing  of  the  filter-bed  and  admits  ot  a  free  filtering. 

When  the  chloriiiator  his  been  emptied  on  the  filter  the  cork  is  removed 
and  the  solution  allowed  to  pass  into  a  stock-tank  below.  As  soon  as  the 
first  solution  has  passed  through,  so  that  the  ore-surface  is  exposed,  from 
3  to  4  inches  of  water  is  added  over  the  whole  surface;  and  when  this  is 
filtered  through  and  the  ore  surface  exposed  again  the  whole  space  above 
the  ore,  about  11  inches  in  depth,  is  filled,  which,  by  practice  on  Phoenix 
ore,  has  proved  sufficient  to  remove  a'.l  the  chloride  of  gold  ;  but  should 
there  be  still  a  reaction  with  ferrous  sulphate  more   water   must  be  added. 

The  filters  are  lead-lined.  IS  inches  deep,  and  have  a  fall  of  1  inch  towards 
the  outfiow.  The  bottom  is  fiist  covered  with  perforated  glazed  tiles  or 
cla;  s  or  minoraline.  which  is  impervious  to  the  action  of  acids  and  chloiine. 
On  this  rtsis  the  gravel  filter-bed,  which  is  topped  oft"  with  ordinal y  clean 
river  sand.  To  pre  w  nt  th-  filter  from  getting  an  uneven  sin  face,  longi- 
tu  iina!  1^  inch  wooden  il.its,  8  or  10  inches  ;»part,  k«-ep  it  in  place. 

The  fillerirg  should  be  accomplished  as  quickly  as  possible,  but.  as  tin's 
depend?  g»  nerally  on  the  fineness  ot  the  ore  treated,  no  rule  can  be  estab- 
lished. As  long  as  the  solution  shows  the  presence  of  chlorine  when  the 
last  wash-water  has  passed  through  the  filter,  thert  is  no  danger  of  not  hav- 
ing clean  tailing*.  The  solutions  aeeunuilatin'»-  in  stock-tank  aic  let  offinto 
smaller  tanks  for  precipitation  wi'.h  ferrous  sulphate,  which  should  always 
be  regent  rated,  if  not  active,  so  as  to  destroy  any  fei  ric  su'phate.  Care 
should  bo  taken  by  examining,  after  twentv-k  ur  hours,  to  ascertain  if  ail 
the  gold  had  been  precipitated,  as  losses  have  "ivmred  by  a  partial  precipi- 
tation. The  tanks  for  precipitation  should  not  be  too  deep  ;  a  convenient 
size  is  »i  to  8  feet  in  diameter  and  3  feet  h'\h,  holding  the  solutions  from 
about  3  tons  of  roasted  ore.  A  sufficient  number  should  be  on  hand  to 
allow  the  precipitate  at  kvst  three  davs  to  settle.  Alter  three  da\s  settling 
in  shallow  vats,  the  supernatant  liqior  can  be  drawn  oil*  and  m  sh  solutions 
added  for  \  recipitation. 
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At  the  Phoenix,  the  liquor  is  passed  over  metallic  Iron,  and  the  copper  is 
recovered  as  cement.  From  theprecipitating-tanks  the  precipitate  is  finally 
collected,  washed  as  clean  as  possible  to  remove  the  iron-salts,  dried  and 
melted. 

The  amount  of  chloride  of  lime  and  acid  used  at  the  Phoenix  I  ha*e  stated 
as  40  and  50  pounds  respectiveh',  which  is  due  to  the  presence  of  on  appre- 
ciable amount  of  chalcopyrite.  An  excess  of  acid  should  always  be  used 
so  as  to  convert  all  the  lime  into  a  sulphate  to  remain  in  the  filter.  The 
solution  fehou Id  be  slightly  aciJ.  If  neutral,  soluble  chloride  of  lime  will 
cause  a  bulky  precipitate  with  ferrous  sulphate.  At  the  Haile  mine,  where 
I  have  to  deal  with  a  pure  "iron  sulphuret,"  I  use  at  present  but  10  pounds 
of  chloride  of  lime  to  15  pounds  of  acid,  and  treat  4  tons  of  roasted  ore  in 
two  chlorinators  during  ten  hours,  and  1  have  not  failed  to  extract  fU  per 
cent  of  the  assay -value. 

The  Haile  mine  ores,  which  have  been  so  Ions'  the  bugbear  for  economic 
treatment,  and  on  which  so  many  experiments  have  failed,  are  offering  no 
obstacles  to  the  barrel-chlorination,  and  are  cheaper  and  easier  to  chlorinate 
than  the  Phcenix  ores. 

As  the  success  of  chlorination,  by  whatever  process,  depends  on  a 
thorough  roast,  assuming  thit  we  have  clean  concentrates,  it  is  of  the  ut- 
most importance  that  the  roaster  should  have  some  guide  to  go  by,  and  to 
this  end,  I  let  him  test  every  charge  before  drawing  by  a  bright-filed  iron- 
rod.  A  small  portion  of  J^ie  roasted  ore  is  boiled  in  .water  and  stirred  with 
the  bright  iron.  The  least  trace  of  sulphates  will  stain  the  iron, — a  sign 
for  the  workmen  that  the  roasting  is  not  completed. 

At  the  Phcenix,  I  use  a  revolving  pan  furnace  of  12  fcLt  di.imeter,  with  a 
j-hort  reverberatory  attached.  From  two  working  doors  the  roaster  can 
rabble  the  ore.  When  a  charge  is  finished,  the  ore  is  discharged  through 
the  hollow  axis  on  which  the  pan  revolves  into  an  outer  circle  below,  and 
i»  then  removed  by  scrapers  attached  to  the  bottom  of  the  pan  into  a  car, 
and  delivered  to  the  cooling-floor,  from  which  it  is  elevated  into  the  chlorin- 
ation house.  Such  a  pan  furnace  roast;  1  ton  of  raw  ore  in  twelve  hours, 
with  a  consumption  of  three-eights  of  a  cord  of  wood  and  0U  cmts  for  labor. 
The  power  necessary  to  drive  the  pan  is  a  small  item,  and  will  not  exceed 
25  cents  per  ton  of  raw  ore. 

At  the  Haile  mine,   a  double   reverberatory   furnace  fu  niched  "2  tons  of  ' 

ore  every   twenty-four  hours,   with  an   average   consu  r.ption  of  1  cord  of 
wood  at  %\  25  per  cord  and  four  L borers.     The  cost  per  ton  of  roas'ed  ore 
amounts  to  $2.G2]^. 

The  cost  of  chlorination  by  the  barrel  process  depends  chiefly  on  the 
number  of  tons  chlorinated  per  day.  Two  men  can  easily  chlorinate  4  tons 
in  ten  hours,  elevate  the  ore  and  clean  out  the  filter.'-;,  of  which  I  have  four 
to  each  chlorinator ;  and  having  arranged  on  this  basis  the  work  at  the 
Haile  mine,  the  cost  for  chlorinating  4  tons  dailv  is  as  follows  : 
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40  pounds  of  chloride  of  lime  at  3  cents $1 .20 

60  pounds  of  sulphuric  acid  at  2  cents  1 .  20 

2  barrels  at  90  cents 1 .80 

1  chlorinator  man 2.00 

Motive  power 50 

Total  '. $6.70 

or  $1.67*£  per  ton. 

Add  to  this  12)£  cents  for  sulphuric  acid  for  making  sulphate  of  iron, 
and  20  cents  for  repairs  and  wear,  which  is  more  than  liberal,  and  we  have 
the  sum  of  $2  per  ton  for  chlorination,  or  $4.62>£  for  roasting  and  chlorin- 
ating 1  ton  of  roasted  ore,  representing  \%  tons  of  raw  iron  pyrites.  Inside 
of  seven  hours  from  the  time  the  ore  is  in  the  chlorinator,  the  solutions  are 
ready  for  precipitation  and  the  tailings  are  clean. 

The  wear  on  the  inner  lead-lining  of  the  chlorinators  is  imperceptible, — a 
chlorinator  in  use  at  the  Phoenix  for  over  five  years  does  not  show  any 
wear  on  the  lead. 

That  the  barrel  chlori nation  has  advantage  over  the  Plattner  process  can 

not  be  gainsaid,  and  its  successful  working  here  and  at  the  Bunker  Hill, 

Amador  county,  California,  where  it  surpassed  the  Plattner  in  results,  will 

undoubtedly  lead  to  its  adoption  in  regions  where  the  auriferous  sulphurets 

are  an  important  factor  in  the  production  of  gold. 

Hoping  that  these  notes  will  aid  you  in  your  work,  and  ready  to  give 
any  desired  information, 

I  remain  very  truly  yours, 

A.  Thies. 

This  description  is  as  true  of  the  Haile  to-day  as  it  was 
two  years  ago.  The  amount  of  chemicals  varies  between  10 
and  15  pounds  for  chloride  of  lime  and  15  and  20  pounds  for 
sulphuric  acid.  The  assay- value  of  the  tailings  from  the 
chlorinator,  which  are  removed  from  the  filter-bed  and 
thrown  over  the  dump,  is,  on  an  average,  $2  per  ton. 

6.  Precipitation^  Collection  and  Smelting  of  the  Gold. 
The  ferrous  sulphate  employed  as  a  precipitant  should  be 
used  fresh,  and  to  this  end  it  is  made  up  fresh  for  each  day's 
run.    It  is  easily  prepared  from  one  day  to  another. 

As  already  observed,  care  must  be  taken  to  see  that  the 
precipitation  is  complete  by  testing  the  solutions  about 
twenty-four  hours  after  precipitation.  Generally,  the  total 
absence  of  chlorine  and  a  sweetish  odor  are  fair  indications 
of  a  complete  precipitation  after  a  thorough  stirring  with 
ferrous  sulphate.  * 

At  the  end  of  a  month's  work,  or  whenever  it  is  deemed 
necessary,  the   completely- settled  precipitate  is  taken  up 
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from  the  precipitating- vats  into  small  lead-lined  tanks  2  feet 
by  4  feet  in  size  and  2  feet  deep,  in  which  it  is  allowed  to 
settle  again  for  twenty-four  hours.  The  supernatant  liquor 
is  then  syphoned  out,  and  the  precipitate  is  washed  with  boil- 
ing water  until  freed  from  most  of  the  iron  salts.  It  is  then 
collected  on  filters,  dried  and  melted  in  Dixon  crucibles  with 
borax  and  soda,  and  shipped  to  the  United  States  Assay  Of- 
fice at  Charlotte,  N.  0.  Its  fineness  varies  between  975 
and  985. 

The  successful  treatment  of  2,353  tons  of  concentrates 
from  the  Haile  mine  by  this  process  is  all  the  more  gratify- 
ing because  of  the  failure  of  all  other  processes  here  to  work 
at  a  profit. 

It  is  commended  to  those  who  have  to  deal  with  large 
quantities  of  low-grade  sulphurete  in  the  belief  that  it  will 
solve  their  difficulties,  and  enable  them  to  work  such  ores 
profitably.  For  simplicity,  cheapness  and  adaptability  to 
such  ores,  it  cannot  be  too  highly  praised. 

(At  this  time,  February,  1892,  there  are  60  stamps  running 
at  the  Haile,  and  the  process,  under  the  skillful  management 
of  Mr.  Thies,  continues  to  justify  the  expectations  based 
upon  it.  I  can. heartily  commend  it  to  all  who  have  low 
grade  sulphuret  ores  to  treat.     W.  B.  P.) 
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METAMORPHIC    ROCKS    OF    COOSA,     TUOMEYS     REPORT     OF     1S58, 

pp.  43   TO   47. 

It  was  stated  in  a  previous  report  that  the  metaruorphic 
rocks  terminated  at  Wetumpka.  Beds  of  gneiss,  passing 
into  mica  slate,  occur  here  in  great  force.  The  edges  of  the 
strata  rise  up  boldly  from  the  bed  of  the  river,  but  are 
covered  by  drift  from  the  banks.  The  rock  is  coarse,  splits 
with  ease,  but  the  bedding  planes  are  uneven.  The  strike 
is  north-east  and  south-west,  and  the  dip  75°  north  west. 

Turning  east  above  the  Penitentiary,  and  passing  over 
the  undulating  surface  of  the  drift,  to  where  the  road  crosses 
Coon  Creek,  below  the  ford,  a  ledge  of  rock  is  seen,  which 
resembles  that  of  Wetumpka,  excepting  that  it  is  rendered 
porphyritic  by  flattened  crystals  of  pink  feldspar,  that  lie 
between  the  laminae  of  mica.  Although  coarse,  this  rock 
is  strong,  and  the  contrast  between  the  color  of  the  feldspar 
and  the  black  mica  gives  it  an  agreeable  appearance.  The 
crystals  of  feldspar  are  compressed,  and  interlaced  by  the 
mica  ;  the  rock  may  be  called  a  porphyritic  gneiss.  At  this 
locality  another  bed  of  white  gneiss  occurs.  It  resembles 
very  much  the  rock  at  Tallassee,  both  in  color  and  com- 
pactness, and  it  would  make  an  excellent  building  material. 
Although  no  quarry  is  opened,  the  rock  may  be  examined 
at  the  ford.  With  the  exception  of  the  denuded  beds  of 
streams,  the  rest  of  the  country  is  composed  of  drift,  covered 
with  one  unbroken  pine  barren,  to  the  Tallapoosa. 

Above  the  falls  of  Tallassee,  the  river  is  wide,  and  divided 
by  little  islands,  into  numerous  channels  which  unite  near 
the  barrier  of  gneiss,  wThich  crosses  the  stream  in  a  direction 
nearly  East  and  West.     The  pent  up  water  has  forced   a 
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passage  through  this  natural  dam,  and  foaming  amongst  the 
vast  massi-s  of  rock,  sends  its  spray  to  the  winds.  The 
gneiss  is  fine  grained,  and  compact,  but  not  thick  bedded. 
Immediately  at  the  falls  the  strata  are  worn  into  pot-holes, 
some  of  which  are  eight  feet  in  diameter.  The  water,  often 
pouring  into  these  finds  an  outlet  between  the  strata,  which 
in  time  are  completely  undor  mined,  and  in  this  way  most 
of  the  huge  masses  lying  around  have  been  broken  off  from 
their  original  be  Is.  The  entire  fall,  at  the  Factory  at  the 
foot  of  the  falls,  is  sixty  feet.  In  summer,  when  the  banks 
are  fringed  with  green  and  beautiful  shrubs,  this  place  pre- 
hents  a  scene  of  picturesque  wildness,  that  will  repay  the 
labor  of  a  visit.  On  the  right,  the  valley  is  quite  narrow, 
and  a  well  located  road,  exposes  orbits  side  the  beds  of  drift 
which  rise  to  a  height  of  200  feet  above  the  river. 

It  would  be  difficult  to  conceive  of  a  more  favorable 
locality  for  manufactories,  on  a  large  sca'e,  than  this.  The 
whole  of  the  river  is  precipitated,  through  a  narrow  gorge, 
over  a  fall  of  00  feet,  and  in  a  distance  of  8  miles  the  river 
falls  800  feet. 

The  Factory  recenly  erected  here,  at  a  cost  of  $30*000, 
pivsents  a  fine  example  of  the  adapfalion  of  the  rosk  of  the 
falls  to  building  purposes. 

On  the  side  of  a  little  stream,  called  Slone's  Mill  Creek, 
which  empties  into  the  river  below  the  falls,  the  gneiss  be- 
comes slaty,  and  excellent  flagging  stones  could  be  quarried. 
Although  such  materials  are  found  elsewhere  in  the  State, 
I  know  of  no  locality  so  favorable  as  this. 

The  first  falls  on  the  river  occur  two  miles  South  of  Tal- 
lassee,  at  the  site  of  the  old  Indian  village  of  Tuckabatcha. 
(Pickett's  History  of  Alabama,  Vol.  I,  page  124,  gives 
Took-au-batche-tal  lau-hasse  as  the  name  of  a  town  among 
the  Upper  Creeks  in  1778,  W.  B.  P.) 

The  river,  after  following  the  metamorphic  rocks  till  they 
are  covered  to  a  great  depth  by  the  drifi,  turns  directly 
West  to  join  the  Coosa,  four  or  five  miles  below  Wetumpka. 
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Section  from  Tallassee,  on  the  bed  of  the  river,  to  Tu6ka- 
batcha : 

Fig.  s. 


£t<1ioK  front  Talla$*l£./C  Tvckabotch*/.  (qfttrTuamey) 

a.  Beds  of  gneiss,  forming  the  Tallassee  Falls,  strike  East 
and  West  dip  towards  the  North  40°. 

b.  Flagging  stones  finely  exposed  on  Slone's  Mill  Greek : 
course  of  the  joints  which  intersect  the  quarry,  North  20° 
West. 

c.  Mica  slates. 

d.  Thick  strata  of  slates  with  bosses  of  feldspathic  and 
coarse  crystalline  granite  protruded  through  them.  Rounded 
masses  of  quartz  are  found  embedded  in  the  slates,  and 
when  the  latter  are  worn  away,  they  rest  on  the  surface 
like  large  boulders. 

e.  Micaceous  and  talcose  slates,  containing  lentiform 
nodules  of  graphite  between  the  slates,  which  abound  in 
garnets.  The  graphite,  when  divested  of  the  slates,  is  very 
pure,  but  unfortunately  the  pieces  in  which  it  may  be  pro- 
cured are  not  very  large.  The  strata  extend  across  the  bed 
of  the  river,  and  as  the  banks  are  covered  with  alluvium 
can  only  be  seen  at  low  water.  The  locality  requires  a 
more  thorough  examination  than  I  could  give  it  at  the  time 
of  my  visit. 

/.  Beds  of  drift. 

North  of  the  falls  the  rocks  become  talcose,  and  on  a  little 
stream,  called  Coon  Creek,  beds  of  hornblende  and  soap- 
stone  occur.  In  a  hollow,  near  the  creek,  a  bed  of  soap- 
stone  of  great  thickness  is  found.  This  seems  to  have  been 
well  known  to  the  Indians,  who  resorted  to  the  spot  for  the 
purpose  of  manufacturing  culinary  utensils.  Excavations, 
of  considerable  extent,  were  made  on  the  best  portions  of 
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the  rock,  and  the  sides  of  the  excavations  are  curiously 
pitted  where  the  vessels  have  been  cut  out.  It  appears  to 
have  been  their  practice,  to  inscribe  on  the  rock  the  circum- 
ference of  the  pot  or  bowl  to  be  cut  out,  and  then  excavate 
around  it  until-  a  sufficient  depth  was  attained,  after  which 
the  mass  was  split  off  and  finished.  Occasionally,  when 
failure  in  splitting  off  the  mass  ensued,  pieces  remain  at- 
tached to  the  rock.  Everywhere  the  impression  of  the 
bottom  of  the  vessel  is  left  on  the  face  of  the  quarry. 

The  rock  is  calcareous,  effervescing  with  acid.  Crystals 
of  pyrites  are  abundant,  but  no  other  minerals,  excepting 
actinolite  and  talc,  are  found  here. 

These  Indian  excavations  have  deceived  many  inexperi- 
enced persons,  who  supposed  that  they  were  made  for  the 
precious  metals.  The  soapstone  of  this  locality  extends 
across  the  county  to  Chambers,  and  at  intervals  throughout 
this  extent  it  is  perforated  by  such  excavations.  This  is  the 
locality  which  excited  so  much  interest  at  the  Tallapoosa 
Silver  Mine. 


ScetAw   on.    CcorvCr***     ( after  T«o me y.) 

a.  Gneissoid  rock  extending  to  the  mouth  of  the  Creek. 

b.  Sienitic  gneiss,  with  flat  crystals  of  hornblende. 

c.  Hornblende  slate. 

d.  Soapstone,  100  feet  thick,  out-cropping  on  Penn's  land. 

e.  Hornblende. 

The  strike  on  the  rocks  in  this  section  is  South,  South- 
west, and  North,  North-east,  dip  of  the  bed  at  *.  South, 
South-east,  and  of  the  gneiss  at  a.  North,  North- west: 

From  this  point  to  Silver  Hill  hornblende  slates  are  every 
where"  displayed,  with  the  exception  of  the  occasional  occur- 
rence of  beds  of  gneiss,  as  may  be  seen  on  the  Sougahatchee, 
where  the  rock  passes  into  talcose  slates.  The  course  of  the 
rocks  here  is  North-east  and  South  west,  dip  40  degrees 
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North  west.  The  coun'ry  is  composed  of  rounde  I  hills,  cov- 
ered with  a  warm,  brown  soil,  common  to  hornblende  rocks. 
Such  soils  suffer  from  excessive  drouth,  but  tor  the  produc- 
tion of  grain  they  are  amongst  the  very  best. 

granite  of  coosa  and  tallapoosa  (pages  77  and  78). 

Around  Rockford  large  weathered  masses  of  a  whitish 
gneissoid  granite  are  found  on  the  surface.  Sometimes  im- 
mense fragments  are  undermined  and  broken  off  by  their 
own  weight.  (Three  photographs  of  such  masses  are  shown 
herewith,  taken  by  myself  during  the  summer  of  1891.  W. 
B.  P.) 

On  the  way  to  Bradford  I  saw  another  trial  shaft,  sunk,  I 
believe,  in  sean  h  of  silver.  Ihere  was  really  no  reason  to 
expect  any  profitable  result  from  exploration  here.  The 
shaft  was  sunk  on  a  bed  of  coarse  slate  abounding  in  rough 
garnets.  It  is  true,  that  mica  slate  containing  garnets  is  a 
promising  metalliferous  rock;  still  we  must  have  some  posi- 
tive evidence  of  the  existence  of  some  valuable  metal  in  the 
rock  before  wre  commence  expensive  operations.  The  rock 
in  question  contained  the  merest  trace  of  copper,  not  more 
than  one  might  expect  to  find  in  any  of  the  rocks  of  this 
region.  '  l 

At  Bradford,  gneiss  is  finely  exposed  at  the  Factory,  where 
it  is  cut  up  into  prisms  by  joints  running  Nor.h  20  degrees 
East,  across  the  stream;  the  fall  here  is  thirty-five  feet. 
A  mile  further  up  it  becomes  more  granitic,  and  rises  above 
the  surface,  in  the  manner^  of  the  masses  at  Rockford.  On 
the  surface  it  is  weathered,  sometimes  inclined  to  disintegra- 
tion, and  where  it  is  feldspathic  produces  a  fine  porcelain 
clay;  this  clay  I  found  excited  interest  at  some  of  the  mines. 
At  Mr.- 8.  S.  Graham's  the  rock  is  hard,  very  white,  and 
clings  to  the  hammer.  It  would  be  difficult  to  find  a  more 
beautiful  building  material.  It  belongs  to  the  great  gnessoid 
granitic  belt  that  extends  along  the  northern  portion  of  the 
Southern  States. 

It  is  seen  again  at  Blake's  Ferry  on  the  Tallapoosa.  In 
hand  specimens,  and  even  the  largest  masses  exposed,  it 
presents  no  appearance  of  stratification ;  it  is,  notwithstand- 
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ing,  in terst ratified  with  mica  slates,  has  the  same  strike  and 

dip,  and  must  therefore  be  called  gneissoid  granite.     The 

plank  road,  to  a  distance  below  Powelton,  passes  over  #the 

disintegrated  edges  of  the  gneissoid  rocks,  with  only  here 

and  there  a  bed  of  hornblende.    The  grey  soils  of  this  region 

owe  their  excellence,  for  the  production  of  cotton,  to  the 

underlying  lock.     The  physical  features  of  the  country  are 

also  favorable;  the  surface  is  undulating,  but  not  broken. 

On  Chenahatchee  a  very  peculiar  gneissoid  granite  occurs, 

in  which  the  mica  is  not  regularly  distributed  through  the 
rocks,  but  occurs  in  small  patches,  contrasting  curiously  with 
the  white  feldspar  of  the  rock. 
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[From  Tuomey's  Report  of  1858,  pages  73  to  77.] 

Stewart's  Gold  Mine. 

This  old  mine  is  in  Sec.  4,  T.  23,  R.  17,  Coosa  County. 
The  auriferous  portion  of  the  ridge  is  about  200  feet  wide, 
and  was  at  first  worked  in  open  cut;  but  the  ridge  is  perfo- 
rated by  shafts,  at  intervals,  for  a  distance  of  one  half  mile. 
This  mine  was  worked  for  some  time  with  stamps,  but  has 
long  since  been  abandoned.  Masses  of  bronze  colored  pyrite 
are  scattered  among  the  refuse ;  they  seem  to  be  portions  of 
a  vein  cut  in  the  mine,  and  are  more  or  less  auriferous. 

The  WeogufFka  Mountains  are  composed  of  talcose  slates, 
which  are  finely  presented  at  the  point  where  the  WeogufFka 
Creek  crosoes  the  Rockford  road.  About  thirty- three  miles 
above  Wetumpka  the  ridges  assume  a  greater  elevation,  and 
from  their  tops  the  broken  character  of  the  country  can  be 
seen.  The  country  is  covered  with  a  magnificent  forest  of 
long  leaf  pine,  which,  when  seen  from  above,  presents  a  pe- 
culiarly rich  and  luxuriant  appearance.  The  talcose  slates 
are  succeeded  by  mica  slates,  which  continue  till  they  pass 
into  the  gnessoid  rocks,  near  Rockford.  On  the  way  to 
Rockford  I  examined  a  curious  locality,  where  immense 
masses  of  ferruginous  matter  occurred  on  the  surface,  and 
excited  hopes  that  they  would  turn  out  to  be  copper  gossan ; 
and  a  shaft  was  sunk  under  the  supposition  that  the  gossan 
would  be  cut  at  the  proper  depth  below  the  surface.  But, 
unfortunately,  these  masses  were  formed  in  the  same  manner 
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as  the  ferruginous  tuxa  (tufa  ?)  of  Randolph,  and  did  not 
extend  below  the  surface  at  all. 

Near  Rockford^  on  the  land  of  0.  W.  Chancellor,  there 
occurs  an  auriferous  deposit  of  gravel  and  clay,  a  portion  of 
which  was  once  worked.  Of  the  gold  mines  of  Coosa  Mr. 
Lieber  speaks  as  follows : 

"  The  old  mine  near  Mr.  Griffin's  in  Coosa  occurs  in  Sec. 
4,  T.  23,  R.  27  E.    The  works  having  fallen  in  nothing  is 
now  to  be  seen.     It  produced  well  at  one   time,  and   an 
engine  was  mounted  on  the  spot,  but  want  of  skill,  together 
with  mismanagement,  prevented  success.     The  auriferous 
gravel  deposits  of  Alabama  present  some  very  peculiar  and 
interesting  features.     It  would  be  difficult  to  circumscribe 
them  with  regard  to   their  geographical  occurrence,  since 
gold  is  found,  in  greater  or  less  quantity,  in  almost  all  the 
gravels  and  sands  of  the  creeks  and  branches  of  the  meta- 
morphic  region,  extending  even  as  far  South  as  the  Talla- 
poosa, twenty  miles  east  of  Wetumpka,  wheye  traces  of  gold 
exist.    The  deposits  of  the  Weoguffka  and  Hatchet  Creeks, 
in  Coosa  County,  demand,  perhaps,  the  greatest  attention. 
On  Messrs.  Thomas  and  Samuel  Lambert's  place,  in  Coosa, 
some  of  these  beds  occur,  and  a  fine  opportunity  is  afforded 
for  observing  them.     The  'packed  gravel,'  as  it  is  locally 
termed,  immediately  underlies  the  soil  and  debris  of  the 
surrounding  iock,  and  is  usually  about  a  foot  or  eighteen 
inches  in  depth.     The  beds  contain  a  large  amount  of  clay, 
so  that  their  unctuous  touch  serves  to  distinguish  them  with 
the  hand  even  under  water,  from  the  dry  debris  which  over- 
lies them.     The  quartz  of  the  gravel  is  throughout  ot  orange 
color,  of  a  kind  I   have   not  seen   in  any   other  auriferous 
region.     It  belongs  to  that  compact  granular  quartz,  com- 
monly called  'sugar  quartz,'  and  is  probably  identical  with 
that  which,  in  Australia,  has  received  improperly  the  name 
of  'cairngorm."    It  is  worthy  of  remark,  that  I  have  but  in 
one  solitary  instance  found   this   peculiar  quartz   in  place, 
though  making  its  discovery  a  matter  of  careful  attention. 
This  was  at  Mr.   Richmond   Noel's,  in  Randolph  County, 
5 
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Sees.  4,  5,  8  and  9,  T.  22,  R.  10  E.  The  bed  is  here  two 
feet  thick,  and  holds  a  position  between  a  bed  of  gneissoid 
eurite,  containing,  however,  a  little  white  mica,  and  a  body 
of  gneissoid  granite,  jnrhich  is  the  same  as  that  at  Hunter's. 
It  crops  out  in  the  bed  of  a  branch,  whose  gravel  has  been 
found  to  be  auriferous.  The  quartz,  when  newly  broken, 
resembles  lumps  of  good  brown  sugaor  The  color  is  pale 
lemon  within,  and  orange  without.  Occasionally  pieces  are 
seen  which  pass  from  a  blood  red  to  a  deep  claret  color,  and 
on  the  fresh  break  exhibit  correspondingly  redder  tints  than 
the  other. 

"To  return  to  the  gravel  deposits  of  the  Weoguffka  :  the 
largest  quartz  boulder  observed  contained  about  four  cubic 
feet.  All  these,  from  the  smallest  to  the  largest,  are  much 
rolled,  although  the  larger  ones  are  not  so  much  rounded 
and  still  roughly  indicate  the  original  forms  of  the  broken 
pieces.  In  these  gravel  beds  we  rarely  meet  with  pieces  of 
the  slates,  gneiss,  &c,  which  are  found  so  abundantly  in  the 
dry  and  not  gold  bearing  beds  covering  them,  and  where  no 
powerful  action  has  tended  to  round  the  constituent  pieces 
of  rock.  I  am  inclined  to  believe  that  Zereuner  errs  in  en- 
umerating gneiss  as  one  of  the  rocks  found  in  the  auriferous 
gravel  of  Alabama.  The  specimen  had  probably  fallen  in 
from  the  upper  beds.  Occasionally  the  deposits  widen  to 
150  or  even  300  feet,  but  always  depend  upon  the  width  of 
the  little  valleys.  Owing  to  these  depositions  the  surface 
of  the  ground  in  the  valleys  is  singularly  level,  and  has 
afforded  space  for  the  accumulation  of  very  good  soil. 
Branches  are  found  in  some,  but  not  all,  of  these  valleys. 
The  gravel  pans  from  four  to  twenty  particles  of  saveable 
gold  of  a  fine  color,  and  there  is  scarcely  a  doubt,  but  that, 
if  suitable  locations  were  selected  and  proper  contrivances 
chosen  for  extracting  the  gold,  very  profitable  operations 
would  be  the  result,  especially  when  we  bear  in  mind  the 
greasy  nature  of  the  gravels,  in  consequence  of  which  only 
the  very  coarsest  particles  of  the  metal  are  saved  in  panning. 
The  utmost  attention  should  be  paid  to  this  fact  also  in  the 
treatment  on  a  large  scale.    The  Hatchet  Greek  deposits 
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include  what  is  termed  the  Miller  Gold  Mine  in  Sec.  1,  T. 
24,  R.  20  E.,  and  another  close  to  it  in  Sec.  11,  of  the  same 
Township  and  Range.  The  former,  or  old  Miller  Mine, 
usually  paid  about  $1.75  per  hand,  the  latter  only  $1.00. 
The  former  was  last  worked  in  1$47,  by  T.  Phillips,  of  Nix- 
burg,  with  six  or  eight  hands,  and  averaged,  during  the  sum- 
mer, from  75c.  to  $1.00  per  hand  per  diem.  The  ground 
worked  is  extensive,  and  we  find  upon  it  both  gravel  beds 
and  decomposed  talcose  and  micaceous  slates  with  inter- 
spersed masses  of  itacolumitic  quartz.  Both  were  worked, 
and  the  operations  were  all  exposed  to  day,  so  that  now  all 
is  in  confusion  and  decay.  As  many  as  fifty  hands  were 
engaged  here,  at  the  same  time,  in  the  summer  of  1843. 
The  operations  were  commenced  in  1840,  but  frequent  in- 
terruptions took  place,  and  indeed  these  mines  were  only 
resorted  to  when  no  other  employment  presented  itself. 
The  gold  was  of  a  very  superior  quality  and  better  than  that 
at  the  old  mine,  which  was  formerly  worked  near  the 
Weoguffka.  This  spot,  if  properly  managed,  might  yet  be 
made  very  productive,  and  indeed  the  old  gravels  might 
again  be  worked  over  to  advantage ;  as  a  proof  of  which  it 
may  be  proper  to  state  that,  in  the  summer  of  1854,  a  man 
engaged  in  this  operation  quite  alone,  and  made  over  $1.00 
a  day,  by  the  roughest  treatment.  Ill  health  prevented  his 
continuing.  Messrs.  McElrath  Bros.,  of  Cherokee  County, 
now  own  two-thirds  of  this  mine.  The  whole  valley  seems 
to  be  auriferous,  for  a  Mr.  Ford,  an  old  resident  of  the 
neighborhood,  now  of  Texas,  sank  many  pits  about,  and 
found  only  one  in  which  he  was  unable  to  obtain  gold.  It 
has  been  already  stated  that  it  is  impossible  to  point  out  all 
the  occurrences  of  deposit  gold  in  Alabama,  and  it  is  almost 
as  difficult  to  ascertain  all  the  localities  at  which  it  might 
be  profitably  worked,  especially  as  it  may  require  a  long 
time  before  a  really  efficient  treatment  can  replace  the 
present  barbarous  processes.  Future  discoveries,  too,  will 
probably  develop  far  more  than  it  is  possible  to  show  at 
present." 
The  country  around  Weoguffka  and  Hatchet  Creeks  is 
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doubtless  the  most  broken  portion  of  the  State  occupied  by 
the  metamorphic  rocks,  yet  in  the  valleys  the  soil  is  good 
and  productive. 
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To  His  Excellency, 

Thos.  G,  Jones, 

Governor  of  Alabama : 

Dear  Sir: — I  have  the  honor  to  submit  herewith  Bulletin 
No.  4  of  the  Geological  Survey,  a  Report  on  the  Geology 
of  Northeastern  Alabama  and  adjacent  portions  of  Georgia 
and  Tennessee,  by  0.  Willard  Hayes  of  the  D.  S.  Geological 
Survey. 

The  circumstances  which  have  led  to  the  preparation  of 
this  report  are  briefly  these :  It  has  been  the  avowed  policy 
of  the  present  Director  of  the  United  States  Geological 
Survey  so  to  prosecute  the  work  of  that  Survey  in  the^ 
several  states  as  to  make  it  as  useful  as  possible  to  the  State 
Surveys.  In  pursuance  of  this  policy  it  was  agreed  some 
years  ago  between  Mr.  G.  K.  Gilbert  in  charge  of  the  Appa- 
lachian Division  of  the  U.  S.  Survey,  and  myself,  that  a 
measured  section  should  be  made  by  the  United  States  Survey 
across  the  line  of  outcrop  of  the  geological  formations-  of 
northeastern  Alabama  and  the  adjoining  part  of  Georgia. 
After  full  conference  the  line  of  this  section  was  60  chosen 
as  Jto  embrace  the  lower  end  of  Lookout  Mountain  near 
Gadsden ;  the  section  was  to  be  about  twenty  miles  wide, 
and  the  thickness  of  the  various  geological  formations  crossed 
l?y  this  survey  was  to  be  carefully  pleasured,  correlations  of 
these  formations  with  those  of  other  states  were  to  be  made, 
and  the  geological  structure  of  the  region  accurately  de- 
termined. This  done,  the  work  of  the  State  survey  in  the 
same  field  could  be  confined,  in  great  part  at  least,  to  the 
investigation  of  the  natural  resources,  and  a  voluminous  re- 
port is  now  partly  in  manuscript  descriptive  of  the  deposits 
of  iron  ore,  clays,  limestones,  and  other  useful  minerals  of 
this  region. 

As  mentioned  by  Mr.  Hayes,  the  original  plan  of  this  U. 
S.  Survey  work  has  been  somewhat  modified  so  that  the 
present  bulletin  includes  a  description  of  a  much  larger  area 
than  was  at  first  intended.  This  is,  however,  to  the  advant- 
age of  our  survey  since  we  get  the  report  free  of  all  cost  for 
field  and  office  work,  which  represents  by  far  the  greater 
part  of  the  expense. 

Yours  very  respectfully, 

EUGENE  A.  SMITH. 

University  of  Alabama,  July  1, 1892. 


Department  of  the  Interior 
United  States  Geological  Survey, 
Washington,  D.  a,  June  12, 1892. 

Dr.  Eugene  A.  Smith, 

State  Geologist, 

Dear  Sir  : — I  have  the  honor  to  submit  herewith  the 
manuscript  of  a  report  on  the  Geology  of  North-eastern  Ala- 
bama  and  adjacent  portions  of  Tennessee  and  Georgia. 
Although  the  greater  part  was  written  in  1S90,  various  un- 
avoidable delays  have  prevented  its  completion  till  the 
present  time. 

I  have  indeavored  in  writing  the  report  to  keep  it  as  free 
as  possible  from  technical  terms  and  without  sacrificing 
scientific  accuracy,  to  present  the  facts  in  such  a  manner  as 
to  make  them  intelligible  to  the  largest  possible  number  ot 
readers  in  the  region  under  consideration.  Many  details 
which  would  be  of  interest  to  the  geologist  have  been  pur- 
posely omitted  and  only  those  which  were  considered 
essential  are  given.  It  is  expected  that  the  atlas  sheets 
covering  this  region  will  shortly  be  published  by  the  U.  S. 
Geological  Survey  and  supply  the  details  to  those  specially 
interested,  which  are  omitted  from  this  report. 
Very  respectfully, 

C.  WILLARD  HAYES, 
Asst.  Geologist  U.  S.  Geological  Survey. 
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I.     INTRODUCTION. 

Field  Work. — The  informati&n  embodied  in  the  following 
report  was  obtained  during  the  summers  of  1887,  1888,  1889 
and  1890,  in  connection  with  the  mapping  of  atlas  sheets 
under  the  Appalachian  Division  of  Geology,  U.  S.  Geological 
Survey.  In  1887,  the  writer  accompanied  I.  C.  Russell 
through  the  southwestern  portion  of  the  area  described,  as- 
sisting him  in  the  completion  of  surveys  made  the  previous 
year.  Three  months  the  following  summer  were  spent  by 
the  writer  in  mapping  the  northeastern  half  of  the  area,  and 
some  of  its  eastern  portions  were  revisited  in  the  fall  of  1889 
in  connection  with  work  then  being  done  in  southeastern 
Tennessee.  In  all  about  five  months  previous  to  the  summer 
of  1890  were  spent  by  the  writer  in  actual  field  work  within 
the  limits  of  the  mapped  area.  In  the  summer  of  1890 
something  over  two  months  were  spsnt  in  the  southern  and 
western  portions  of  the  field.  With  the  assistance  of  M.  R. 
Campbell,  a  somewhat  detailed  survey  was  made  of  the 
more  complicated  areas  and  the  conclusions  of  previous 
seasons  were  re-examined  and  verified. 

A  very  considerable  change  in  the  methods  of  work  has 
taken  place  since  the  season  of  '87.  This  change  was  the 
natural  and  necessary  adaptation  of  methods  to  the  special 
conditions  under  which  work  had  to  be  carried  on  in  this 
region.  The  method  first  employed  was  to  measure  with 
great  accuracy  a  few  lines  across  the  country  in  a  northwest- 
southeast  direction  at  intervals  of  about  ten  miles.  It  was 
believed  that*  these  would  afford  ample  data  for  determining 
the  structure  and  stratigraphy  of  the  region.  It  60on  became 
evident,  however,  that  work  would  have  to  be  done  along 
the  strike  between  the  measured  lines  since  otherwise  most 
important  facts  of  structure  were  overlooked.      In  1888  the 
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stadia  transit  with  which  the  earlier  lines  had  been  measured 
was  discarded  and  the  geologic  data  was  placed. directly  upon 
the  topographic  map,  a  few  lines  being  measured  with  plane 
table  to  obtain  data  tor  the  stratigraphic  column.  In  1890 
the  method  was  still  further*  modified  by  discarding  the 
plane  table  and  plotting  all  lines  in  the  note  book.  The 
distances  are  obtained  by  recording  the  revolutions  of  the 
buckboard  wheel  or  by  pacing,  and  the  directions  takan  from 
a  hand  compass  are  laid  down  by  means  of  a  small  horn 
protractor.  The  great  advantages  of  this  method  are  rapidity 
of  work,  compactness  of  results,  and  ease  with  which  previous 
work  is  referred  to  at  any  time.  As  much  ground  can  be 
covered  while  making  such  a  survey  as  if  only  verbal  notes 
were  taken;  the  work  of  several  weeks  is  contained  in  a 
small  note  book  instead  of  a  large  number  of  loose  plane 
table  sheets;  and  finally  with  the  observations  constantly 
before  him  and  in  their  proper  relations  the  geologist  is  able 
to  work  out  in  the  field  details  of  the  problem  presented 
without  waiting  for. the  reduction  and  plotting  of  data  in  the 
office.  The  admirable  points  of  this  graphic  method  of  field 
work  were  shown  in  its  application  to  some  of  the  highly 
complicated  regions  as  that  between  Weisner  and  Indian 
mountains,  or  along  the  fault  line  north  of  Coosa  river. 

Relation  to  the  Work  of  other  Geologists. — From  its  posi- 
tion along  the  southern  border  of  Tennessee,  much  valuable 
information  as  to  the  geology  of  this  region  is  contained  in 
Safford's  classic  work,  "The  Geology  of  Tennessee/'  SafFord's 
report,  however,  is  less  detailed  in  regaid  to  the  southern 
part  of  Tennessee  than  it  is  in  regard  to  the  central  and 
northern  portions  of  that  state,  so  that  only  in  a  broad 
way  can  the  descriptions  be  applied  to  northern  Alabama 
and  Georgia.  The  work  of  the  Alabama  geologists  on  the 
other  hand,  has  been  largely  on  the  southern  limit  of  the 
Appalachian  province  along  the  line  where  the  Paleozoic 
and  crystalline  rocks  pass  under  the  Mesozoic  and  later 
formations.  The  work  done  by  State  surveys  in  northwest 
Georgia  previous  to  1887  was  of  so  fragmentary  and  super- 
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ficial  a  character  that  it  amounted  to  little  more  than  a 
reconnaissance. 

The  region  is  thus  practically  a  virgin  field  and  occupies 
a  specially  important  place  as  the  connecting  link  between 
the  work  of  Tuomey  and  Smith  in  Alabama  and  Safford  in 
Tennessee.  It  is  also  a  representative  region  including  as 
it  does  all  the  Paleozoic  formations  of  the  southern  Appa- 
lachians, characteristically  developed  [and  types  of  all  the 
more  important  forms  of  Appalachianjstructure,  with  some 
which,  so  far  as  our  present  informationfgoes,  are  unique. 

Scope  of  the  Report — The  scope  of  the  report  is  general 
rather  than  special  and  detailed.  The  aim  has  been  to 
adapt  it  to  the  needs  of  the  laymen  rather  than  the  profes- 
sional geologist.  It  is  not  intended  as£an  exposition  of  the 
mineral  resources  of  the  country,  but  rather  as  a  discussion 
of  the  physiography  of  a  limited  area  with  special  reference 
to  the  origin  of  the  natural  features  and  their  relation  to  the 
geologic  structure.  It  is  hoped,  however,  that  it  may  furnish 
information  which  will  serve  as  a  basis  for  the  economic 
geology  of  the  region,  and  that  it  may  render  intelligible 
many  apparently  disconnected  and  anomalous  facts  which 
the  observant  layman,  as  well  as  the  prospector  and  miner, 
is  constantly  meeting. 


II.    LOCATION  AND  AREA  OF  THE  REGION  MAPPED. 

The  region  under  consideration  extends  from  longitude 
85°  to  86°  30'  and  from  latitude  31°  to  35°,  forming  a  rec- 
tangular area  85  miles  from  east  to  west,  and  70  from  north 
to  south.  The  rectangle  includes  a  narrow  strip  a  little  less 
than  a  mile  wide  along  the  southern  border  of  Tennessee. 
Of  the  remainder,  two-thirds  or  3880  square  miles,  are  in 
Alabama,  and  one-third  or  1940  square  miles  are  in  Geor- 
gia. In  Alabama  it  embraces  Jackson,  DeKalb  and  Chero- 
kee counties  and  portions  of  Madison,  Marshall,  Blount  and 
Etowah;  and  in  Georgia,  Dade,  Walker,  Catoosa,  Chattooga 
and  Floyd,  with  portions  of  Whitfield,  Gordon,  Bartow  and 
Polk. 

The  area  is  covered  by  six  atlas  sheets  of  the  U.  S.  Geo- 
logical Survey  topographic  base  map,  viz:     The  Ringgold 

and  Rome  sheets  lying  mostly  in  Georgia,  and  the  Steven- 
son, Fort  Payne,  Scottsboro  and  Gadsden  sheets  in  Alabama. 
The  accompanying  map  was  compiled  from  the  above  named 
atlas  sheets  reduced  to  one-third  the  original  scale,  or  to 
very  nearly  six  miles  to  one  inch.  The  surface  elevations 
are  represented  by  the  lines  printed  in  brown  called  contours. 
Thus  the  heavy  brown  line  indicates  the  position  at  which  a 
horizontal  plane  just  1000  feet  above  sea  level  would  inter- 
sect the  land  surface.  This  heavy  brown  line  is  called  the 
"thousand  foot  contour."  In  many  places  there  is  a  lighter 
brown  line  between  the  heavy  one  and  the  streams;  this 
marks  the  position  at  which  a  horizontal  plane  750  feet 
above  sea  level  would  intersect  the  surface,  and  it  is  called 
the  "seven  hundred  and  fifty  foot  countour"  The  latter 
plane  would  be  everywhere  250  feet  below  the  one  whose 
intersection  with  the  land  surface  is  marked  by  the  thousand 
foot  contour.  Hence  the  vertical  height  represented  by  two 
adjacent  contours  is  250  feet;  or  in  other  words,  the  contour 
interval  is  250  feet. 


III.    TOPOGRAPHY. 

Topographic  Divisions. 

The  area  covered  by  the  accompanying  map  falls  naturally 
into  three  divisions,  each  characterized  by  a  different  type 
of  geological  structure  and  a  peculiar  topography  or  surface 
configuration. 

Every  feature  of  a  landscape  is  due  to  the  action  and  inter- 
action of  natural  forces.  Sometimes  the  process  by  which 
the  present  form  was  reached  may  be  traced,  and  at  others 
it  is  so  complicated  as  to  render  this  impossible.  In  regions 
having  a  simple  geologic  history,  that  is,  in  which  the  forces 
have  acted  uniformly  and  always  in  the  same  direction,  the 
forms  of  the  surface  are  seen  to  be  the  direct  result  of  pro- 
cesses still  in  operation.  Such  a  region  is  the  one  under 
consideration.  Since  its  final  elevation  above  the  level  of 
the  sea  in  which  its  rocks  were  deposited  as  sediments  it  has 
probably  never  been  resubmerged,  and  while  the  elevation 
may  have  made  several  halts  in  its  progress  it  has  been  fairly 
continuous.  The  marks  of  a  fluctuating  rise  are  but  slightly 
if  at  all  manifest. 

The  chief  factors  that  determine  the  forms  into  which  the 
6treams  will  carve  a  land  surface  are,  first,  the  angle  at  which 
the  rocks  are  inclined  to  the  horizontal,  and,  second,  the 
difference  in  hardness  between  the  different  beds.  Hori- 
zontal rocks  tend  to  produce  plateaus,  and  inclined  rocks 
tend  to  produce  ridges.  Especially  is  this  tendency  mani- 
fest where  there  is  an  alternation  of  hard  and  soft  beds,  or 
rather,  where  there  is  great  diversity  in  the  ability  of  dif- 
ferent beds  to  resist  erosion.  The  relations  between  topo- 
graphic forms  on  the  one  hand  and  geologic  structure  .on  the 
other,  will  be  further  discussed  in  describing  the  topography 
of  the  region. 
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The  three  topographic  divisions  above  referred  to  are: 
(1)  the  western,  embracing  the  area  northwest  of  Browns 
valley;  (2)  the  central,  embracing  Sand  and  Lookout  moun- 
tains with  the  adjacent  valleys;  (3)  the  eastern,  embracing 
the  country  to  the  southeast  of  Lookout  mountain. 


Topography  of  the  Western  Division. 

Plateaus  or  Mesas. — In  the  western  division  the  rocks  are 
practically  horizontal,  having  only  a  very  slight  inclination 
to  the  southwest.  The  topography  is  that  always  produced 
by  horizontal  beds  of  varying  hardness  which  have  been 
raised  somewhat  above  sea  level  so  that  eroding  agents  have 
opportunity  to  work.  It  is  a  typical  plateau  region.  In  the 
plateau  regions  of  the  Far  West  are  many  elevations  with 
flat  tops  and  steep  sides  which  have  been  carved  from  hori- 
zontal rocks  by  stream  erosion  and  left  as  isolated  remnants 
of  an  originally  continuous  plateau.  To  these  elevations  the 
term  "mesa"  is  applied  and  it  may  be  well  to  apply  the 
same  term  to  the  exactly  similar  topographic  forms  of  north- 
ern Alabama.  The  mesas  all  reach  nearly  the  same  altitude, 
about  1,600  feet  above  sea  level.  Their  broad,  level  tops 
show  them  to  be  the  remnants  of  a  plateau  which  once  ex- 
tended continuously  over  the  whole  of  this  division  and  far 
to  the  west  and  north.  The  remnants  of  this  plateau  now 
occupy  only  about  one  sixth  of  tho  area  within  this  division 
of  the  map,  and  a  still  smaller  proportion  farther  west.  The 
rock  originally  covering  the  whole  region,  but  now  found 
only  as  a  capping  upon  the  summits  of  the  mesas,  is  the 
heavy  sandstone  forming  the  ba3e  of  the  coal  measures. 
Below  this,  which  is  called  the  Lookout  sandstone,  the  rocks 
are  largely  calcareous  for  a  thousand  feet  or  more.  Thus 
the  sandstone  rests  upon  an  insecure  foundation.  As  soon 
as  the  streams  cut  through  to  the  calcareous  beds,  their 
progress  downward  is  rapid  and  they  readily  sink  their  chan- 
nels to  near  the  level  of  the  Tennessee  river  which  drains 
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the  region.  Since  the  cap  rock  is  more  durable  than  that 
forming  the  lower  slopes  of  the  ravines,  the  latter  is  worn 
away  most  rapidly,  undermining  the  capping  sandstone.  It 
results  from  these  conditions  that  the  mesas  are  bounded  by 
cliffs  of  sandstone  below  which  are  steep  limestone  slopes, 
usually  deeply  covered  with  sandstone  debris.  When  the 
whole  of  the  protecting  sandstone  cap  has  been  thus  under- 
mined and  removed  the  surface  assumes  a  wholly  different 
character.  Low  rounded  hills  or  a  gently  undulating  plain 
replace  the  mesa  with  its  abrupt  slopes  and  level  top. 

The  heavy  mantle  of  vegetation  covering  the  surface  con- 
ceals iu  a  large  measure  the  characteristic  topographic  forms 
which  are  so  well  displayed  in  arid  and  treeless  regions. 
Back  from  the  immediate  edge  of  a  mesa  there  is  nothing  in 
the  gently  undulating  or  level  surface  to  indicate  that  one 
is  on  the  top  of  a  mountain. 


Topography  of  the  Central  Division. 

Synclinal  Mountains. — The  second  topographic  division, 
as  already  stated,  embraces  Sand  and  Lookout  mountains, 
forming  a  broad  belt  with  nearly  parallel  sides  extending 
northeast  and  southwest  through  the  central  portion  of  the 
map.  The  division  is  traversed  throughout  its  entire  length 
by  Lookout  and  Wills  valleys,  separating  the  two  mountains. 
Near  the  lower  edge  of  the  map  the  northern  extremity  of 
Murphrees  valley,  known  as  Bristows  cove,  interrupts  the 
broad  level  top  of  Sand  mountain  toward  its  eastern  side, 
while  McLamores  cove  forms  a  similar  deep  notch  in  the 
northern  end  of  Lookout  mountain. 

Sand  and  Lookout  mountains  are  not,  strictly  speaking, 
plateaus,  though  they  closely  resemble  them  in  many 
respects.  The  rocks  are  not  horizontal,  but  in  each  case 
dip  gently  toward  the  center,  forming  broad,  shallow  troughs. 
Sand  mountain  is  much  the  broader  and  shallower  of  the  two, 
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and  hence  approaches  more  nearly  to  the  plateau  type. 
Lookout  mountain  is  narrower  and  appears,  especially  to- 
ward its  southern  end,  as  a  deep  trough,  with  high,  well 
defined  sides.  Both  of  these  mountains  resemble  the  mesas 
of  the  western  division  in  their  sandstone  cliffs  with  the  steep 
limestone  slopes  below. 

Anticlinal  Valleys. — Browns  valley  properly  belongs  in 
the  central  division  and  falls  in  the  same  category  with 
Murphrees,  Wills,  Lookout  and  Chattanooga  valleys.  All 
of  these  are  directly  dependent  on  the  geological  structure 
and  since  that  is  the  same  in  every  case  are  remarkably  like 
in  form.  The  rocks  forming  the  mountains  dip  away  from 
the  edges  toward  the  center,  while  the  rocks  underlying  the 
valleys  dip  away  from  the  center  toward  the  sides.  In  other 
words  they  are  anticlinal  valleys.  Browns  valley  passes 
entirely  through  the  map  area,  but  each  ot  the  others  named 
terminates  within  it  in  a  cove.  The  anticlinals  which  deter- 
mine  the  position  of  the  valleys,  after  continuing  for  long 
distances,  suddenly  die  out  and  the  rocks  instead  of  forming 
an  arch  become  horizontal  and  then  merge  into  the  synclinal. 
At  this  point  the  valley  terminates  in  a  huge  amphitheatre 
encircled  by  high  sandstone  cliffs.  The  process  by  which 
these  remarkable  valleys  were  formed  will  be  more  fully 
explained  in  describing  the  drainage. 


Topography  of  the  Eastern  Division. 

The  third  topographic  division  lies  to  the  southeast  of 
Lookout  mountain.  Its  general  surface  is  but  little  above 
the  level  of  the  larger  streams,  though  it  is  interrupted  by  a 
number  of  ridges  rising  to  a  considerable  elevation,  the 
highest  reaching  two  thousand  feet  above  sea  level.  There 
is  much  greater  complexity  of  geologic  structure  than  in 
either  of  the  two  divisions  previously  described,  and  in  con- 
sequence there  is  much  greater  complexity  in  topographic 
form. 
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Monochnal  Mountains. — The  ridges  are  formed  by  the 
outcropping  edges  of  hard  beds  of  sandstone  which  generally 
dip  toward  the  east  or  southwest.  Some  of  them  extend  for 
long  distances  with  remarkable  uniformity  in  trend  and  ele- 
vation. They  are  usually  unsymmetrical ;  one  side,  the  face 
of  the  ridge,  being  steep  and  rugged,  while  the  other,  the 
back,  has  a  smooth  and  gently  ascending  surface.  This  dif- 
ference is  caused  by  the  position  of  the  sandstone  beds  as 
shown,  for  example,  in  figure  1,  which  is  an  east  and  west 
section  through  Armuchee  valley.  The  elevation  represented 
in  profile  at  T  is  Taylors  ridge  and  its  western  side  is  formed 
by  the  broken  edges  of  the  sandstone,  while  the  eastern  slope 
coincides  very  nearly  with  the  dip  of  the  beds. 

The  difference  in  slope  between  the  face  and  back  of  the 
ridge  becomes  less  with  an  increase  in  the  dip,  and  where 
the  rocks  approach  the  vertical  the  ridge  is  symmetrical. 
This  form  is  shown  in  the  same  section  Figure  1,  by  the  ele- 
vation D  which  represents  Dicks  ridge. 


Figure  1.  Section  from  Dicks  ridge  D,  through  West  Armuchee  valley 
VV  A,  and  Taylors  ridge  T;  showing  unsymmetrical  and  sym- 
metrical ridges  depending  on  the  dip  of  the  strata. 


The  ridges  northwest  of  the  Coosa  valley  are  produced  by 
the  sandstone  of  the  Rock  wood  formation,  and  form  a  group 
wiih  similar  characteristics,  while  the  roost  of  those  south  of 
the  Coosa  valley  are  formed  by  Cambrian  sandstone.  The 
latter  are  less  uniform  and  continuous  in  character.  The 
principal  ridges,  Weisner  and  Indian  mountains,  are  com- 
paratively short,  tapering  off  rapidly  in  either  direction  from 
a  culminating  point  near  their  central  portions. 
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flatwoods. — A  marked  topographic  feature  of  this  division 
is  the  Coosa  valley.  The  Coosa  river  from  Rome  southwest 
to  the  edge  of  the  map  at  Gadsden  swings  back  and  forth 
across  the  broad  level  valley  that  has  been  cut  in  the  soft 
calcareous  shales  and  limestones  of  the  Cambrian.  The  ac- 
tual flood  plain  is  not  extensive  and  the  highly  contorted 
shales  are  generally  exposed  along  the  banks  of  the  river. 
The  country  back  from  the  alluvial  flood  plain  is  poorly 
drained  and  heavily  timbered,  and  to  this  the  term  "flatwoods" 
is  applied.  While  most  of  the  flatwoods  districts  are  under- 
lain by  Cambrian  shales  they  are  not  confined  to  that  forma- 
tion. A  considerable  area  north  and  west  oi  Home  in  the 
Oostanaula  valley  is  underlain  by  Carboniferous  shales  but 
retains  all  the  characteristics  of  typical  flatwoods. 

Chert  Hills. — It  remains  to  speak  of  one  other  type  of 
surface  largely  represented  in  the  southwestern  part  of  this 
division  and  also  to  the  west  of  Taylors  ridge.  In  the  lower 
portion  of  the  Silurian  is  a  great  thickness  of  magnesian 
limestone  or  dolomite  containing  large  quantities  of  silica  in 
the  form  of  chert  or  flint.  The  outcrops  of  this  formation, 
the  Knox  dolomite,  are  marked  by  heavy  deposits  of  residual 
materials  left  by  the  solution  of  the  carbonates.  These  resi- 
dual materials,  consisting  of  red  clay  and  chert,  cover  broad 
areas  forming  a  series  of  low  rounded  hills  without  apparent 
regularity.  The  underlying  rock  seldom  appears  at  the  sur- 
face. There  are  few  small  streams  since  the  water  which 
falls  upon  such  an  area  is  absorbed  by  the  layer  of  porous 
residual  material  and  reappears  in  springs  at  the  edge  of 
the  outcrop. 


IV.    DRAINAGE. 

Streams  of  the  Western  Division. 

The  region  under  consideration  is  about  equally  divided 
between  the  drainage  basins  of  the  Tennessee  and  Coosa  rivers 
with  a  small  area  in  the  southwestern  corner  in  the  Black 
Warrior  basin.  The  larger  part  of  the  western  topographic 
division  lies  in  the  great  bend  of  the  Tennessee  river.  The 
arrangement  of  its  streams  is  for  the  most  part  approximately 
radial.  They  flow  from  the  high  land  along  the  Alabama- 
Tennessee  line  southeast,  south,  and  southwest  to  the  near- 
est point  of  junction  with  the  river. 

Formation  of  Limestone  Valleys. — The  fact  that  the  valleys 
of  this  section  are  underlaid  by  limestone  has  already  been 
mentioned  as  well  as  the  method  by  which  they  were  formed,, 
in  describing  the  intervening  sandstone- capped  mesas.  The 
readiness  with  which  this  limestone  is  dissolved  gives  the 
st reams  a  very  different  character  from  those  flowing  over 
sandstone  or  other  rocks  which  must  be  worn  into  small 
fragments  and  carried  away  by  the  stream.  When  that  is 
the  case  the  stream  can  not  lower  its  bed  faster  than  it  can 
carry  the  material  away,  and  in  order  to  carry  any  consider- 
able amount  it  must  have  sufficient  fall  to  give  its  water  the 
necessary  velocity.  If  the  rock  over  which  the  stream  flowa" 
is  such  that  it  can  easily  be  ground  up  into  mud  or  fine  sand, 
then  a  moderately  swift  current  will  carry  it  along ;  but  if  it 
forms  coarse  gravel  or  bowlders  a  steep  descent  and  swift 
current  are  required  to  do  the  transporting.  Hence  a  stream 
flowing, over  rocks  which  have  to  be  carried  away  as  mud,, 
sand  or  gravel  cannot  erode  its  bed  below  a  certain  level, 
depending  on  the  size  of  the  fragments  which  it  is  compelled 
to  carry.  With  a  stream  flowing  over  rocks  which  may  be 
dissolved,  however,  it  is  very  different.  A  swift  current  is 
not  necessary  to  carry  off  the  material  which  is  held  in  solu- 
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tion,  but  the  most  sluggish  current  is  just  as  efficient  as  a 
more  rapid  one.  Hence  the  lowering  of  the  bed  of  the 
stream  is  not  limited  but  continues  until  the  valley  is  nearly 
as  low  as  the  mouth  of  the  stream.  Beyond  this,  of  course, 
it  can  not  go,  since  it  must  have  some  descent.  A  stream 
which  is  ijo  longer  deepening  its  channel  is  said  to  be  at 
base  level.  This  is  the  condition  of  the  streams  of  this  west- 
ern division.  Excellent  examples  are  Flint  river  and  Paint 
Rock  river.  Both  have  reduced  their  channels  almost  or 
quite  to  the  base  level  of  the  Tennessee  river  and  their  cur- 
rents are  very  sluggish,  not  rapid  enough  to  remove  sand 
aud  gravel  though  sufficient  to  remove  the  limestone  by  so- 
lution. The  head  branches  of  these  rivers,  rising  upon  the 
sandstone  capped  mesas  have  a  very  rapid  fall,  since  most 
of  the  descent  from  these  high  levels  to  the  level  of  the  Ten- 
nessee valley  is  confined  to  a  few  miles  at  their  source. 

Streams  of  the  Central  and  Eastern  Divisions. 

Consequent  Streams. — The  radial  arrangement  of  the 
streams  which  characterizes  the  region  in  the  great  bend  of 
the  Tennessee  river,  like  the  plateau  topography,  is  possible 
only  in  regions  having  horizontal  or  but  slightly  inclined 
strata,  for  where  the  strata  are  highly  inclined  they  influence 
the  course  of  the  streams  and  compel  them  to  flow  in  certain 
definite  directions  This  is  seen  in  the  drainage  of  the  cen- 
tral and  eastern  divisions  which  is  wholly  different  from  that 
of  the  western.  The  streams  are  consequent,  that  is,  their 
courses  are  dependent  on  the  geologic  structure  being  de- 
termined by  the  dip  of  the  strata  and  the  relation  of  hard 
and  soft  beds.  A  consideration  of  the  manner  in  which  the 
streams  have  carved  the  surf  ice  of  the  land  into  the  present 
form  will  make  clear  this  relation  between  the  dip  of  the 
strata  and  the  present  position  of  the  stream  channels.  It 
is  true  that  this  process  has  been  an  extremely  slow  one,  and 
the  change  produced  in  a  single  generation  is  almost  imper- 
ceptible. But  careful  study  shows  that  every  year  the  agents 
at  work  accomplish  a  little,  and  if  sufficient  time  is  given 
they  are  fully  competent  to  produce  the  greatest  results. 
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Examining  the  map  it  will  be  seen  that  the  streams  of  the 
central  division  do  not  meander  over  the  surface  in  an  indefi- 
nite way  with  broad  curves  such  as  are  seen,  for  example,  in 
Paint  Hock  river.  If  a  straight  line  be  drawn  from  the  head 
of  Wills  creek  to  the  point  where  it  leaves  the  valley  west 
of  At  tall  a,  it  will  be  seen  that  the  stream  does  not  deviate 
a  mile  from  this  line  on  either  side  in  flowing  a  distance  of 
nearly  fifty  miles.  For  a  shorter  distance  the  course  of  Lit- 
tle Wills  creek  is  even  nearer  to  a  straight  line  and  almost 
exactly  parallel  with  that  of  the  larger  stream.  Black  creek, 
Little  river,  Chattooga  river  and  West  Chickamauga  creek 
all  show  similar  rectilinear  and  parallel  courses.  Now  why 
does  Wills  creek  pursue  such  a  remarkably  direct  course  for 
this  great  distance,  and  why  are  the  courses  of  Little  Wills 
and  Black  creeks  almost  exactly  parallel  with  it?  These 
questions  can  be  answered  by  considering  the  history  of 
these  streams  from  their  beginning  to  the  present  time. 

Formation  of  Anticlinal  Valleys. — It  must  be  remembered 
lhat  the  rocks  of  the  region,  which  will  be  described  later, 
were  all  laid  down  in  horizontal  beds  upon  the  sea  bottom. 
Sometimes  the  sea  was  deep  and  limestones  were  formed  ; 
at  other  times  it  was  shallow  and  the  shore  was  near  by, 
when  mud  and  fine  sands  were  spread  out  by  the  currents  to 
form^shales ;  and  finally  the  surface  on  which  deposits  were 
being  made  stood  for  a  long  time  very  near  the  sea  level,, 
sometimes  a  little  below  it,  receiving  layers  of  mud  and 
sand,  and  sometimes  far  enough  above  it  to  support  a  luxu- 
riant vegetation  whose  remains  are  found  in  seams  of  coal. 
But  during  all  this  time  there  were  no  stream  channels. .  Or 
if  any  were  formed  while  the  surface  was  above  sea  level 
they  were  obliterated  by  the  first  layer  of  sand  deposited 
when  the  surface  was  again  submerged.  Finally  the  surface 
emerged  from  the  sea  for  the  last  time,  and  then  the  ances- 
tors of  the  present  streams  were  born.  The  first  drainage 
was  determined  by  the  inequalities  of  the  rising  surface,  and: 
these  where  doubtless  in  the  form  of  gentle  undulations 
parallel  with  each  other  and  extending  in  a  northeast  and 
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southwest  direction,  the  beginnings  of  the  present  anticlinal 
and  synclinal  folds.  Thus  a  long  low  ridge  with  gently 
sloping  sides  and  rounded  top  occupied  the  present  position 
of  Wills  valley.  Toward  the  north  it  died  out  between  the 
points  of  two  similar  ridges  which  occupied  the  positions  ef 
Deer-head  and  McLamores  coves.  West  of  Sand  mountain 
was  a  still  longer  ridge  of  the  same  character  where  Browns 
valley  now  is  and  east  of  Lookout  mountain  was  a  somewhat 
shorter  but  broader  ridge  in  the  place  of  Broomtown  valley. 
Between  these  ridges  which  occupied  the  position  of  the 
present  valleys  were  broad  shallow  depressions,  the  present 
mountain  summits;  that  is,  the  original  relation  of  high  and 
low  land  has  been  exactly  reversed.  How  did  this  come 
about  ? 

Water  falling  upon  this  surface  would  naturally  flow  down 
from  the  sides  of  the  ridges  into  the  broad  shallow  depres- 
sions between,  and  collecting  into  larger  streams  would  flow 
off  in  the  direction  in  which  the  trough  happened  to  slope. 
The  slope  of  the  troughs  in  this  particular  region  was  toward 
the  southwest  so  that  there  must  have  been  a  stream  rising 
upon  the  slopes  of  the  ridge  which  then  occupied  the  posi- 
tion of  McLamores  cove  and  flowing  southwest  through  the 
whole  length  of  the  Lookout  mountain  trough.  Another 
stream  rose  north  of  tho  edge  of  the  map  and  flowed  south- 
west in  the  Sand  mountain  trough.  This  was  the  first  stage 
in  the  development  of  the  drainage  system  and  the  probable 
condition  of  things  may  be  represented  by  figure  1,  plate  I, 
in  which  the  position  of  the  stream  originating  in  the  Look- 
out mountain  synclinal  trough  is  indicated  as  B-B,  and  that 
in  the  Sand  mountain  trough  as  T-T.  Into  these  two  main 
streams  the  small  side  streams.  1,  1,  1,  and  s,  8,  s,  flowed  in 
opposite  directions  from  the  top  of  the  intervening  anticli- 
nal ridge. 

At  first  these  streams  were  all  flowing  upon  the  same  kind 
of  rock,  probably  coarse  sandstone,  so  that  they  were  able 
to  erode  their  channels  most  rapidly  where  the  fall  and  con- 
sequently the  transporting  power  of  the  stream  was  the 
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greatest.  But  the  slope  of  the  synclinal  troughs  was  very 
slight  so  that  the  main  streams  had  little  power  to  deepen 
their  channels  while  the  side  streams  flowing  into  them  from 
the  intervening  ridge,  although  they  were  much  smaller, 
still  by  reason  of  their  greater  fall  eroded  their  beds  more 
rapidly. 

If  the  rocks  of  this  region  had  been  uniform  in  character 
for  a  long  distance  down  from  the  surface,  the  effect  of  the 
more  rapid  cutting  of  the  side  streams  would  have  been 
simply  to  reduce  the  height  of  the  intervening  ridge,  leaving 
the  main  streams  in  their  original  position  in  the  synclinal 
troughs.  But  the  rocks  are  not  homogeneous.  They  con- 
sist of  alternating  hard  and  soft  beds  and  after  the  side 
streams  had  cut  down  a  few  hundred  feet  they  came  to  layers 
of  shale  and  then  limestone  which  they  could  remove  much 
more  rapidly  than  the  overlying  sandstone.  As  soon  as  a 
side  stream  reached  these  soft  rocks  at  any  point  it  tended  to 
widen  its  valley  at  that  point  by  removing  the  soft  rocks  so 
as  to  undermine  and  thus  break  down  the  overlying  harder 
beds.  By  a  continuation  of  this  process  lateral  valleys 
were  formed,  figure  2,  plate  I,  extending  in  the  direction  of 
the  ridge  and  at  right  angles  to  the  side  streams. 

This  may  be  regarded  as  the  second  stage  in  the  develop- 
ment of  the  drainage  system,  and  be  represented  by  figure 
2,  plate  I. 

The  two  streams  w  and  wf  cut  away  at  the  divide  d  and 

the  stream  w  having  the  lowest  outlet  was  able  to  erode 

more  rapidly  than  uf  and  so  pushed  the  divide  nearer  and 

nearer  toward  the  side  stream  V  till  finally  it  tapped  the 

latter  and  led  its  waters  off  by  way  of  I     The  lateral  stream 

thus  formed  (w  w,  figure  3,  plate  I.),  was  the  beginning  of 

the  present  Little  Wills  creek.    The  same  process  would 

have  continued  till  this  stream  had  tapped  successively  all 

the  drainage  basins  above  if  it  had  not  encountered  a  second 

hard  bed  through  which  erosion  was  very  slow.     After  the 

soft  rocks  were  removed  which  lay  above  this  hard  bed,  then 

the  same  process  was  repeated  which  had  taken  place  on 
the  original  anticlinal   ridge;   that  is,   side   streams   with 
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greater  fall  were  able  to  cut  through  the  hard  bed  more 
quickly  than  the  main  stream  and  reaching  soft  rocks  below 
began  to  widen  their  valleys  and  then  form  lateral  valleys 
at  those  points.  The  same  process  was  repeated  with  this 
second  set  of  lateral  streams.  By  erosion  at  the  divides, 
D,  D',  D",  etc.,  figure  3,  plate  I,  that  one  having  the  lowest 
outlet  tapped  the  drainage  basin  of  the  one  adjacent  and 
led  its  waters  off  along  the  axis  of  the  anticlinal.  The  side 
stream  W,  (figure  3,  plate  I.)  possessed  a  great  advantage 
over  any  of  the  others  in  having  a  much  lower  outlet  and 
hence  it  was  able  to  encroach  upon  them  and  divert  their 
headwaters  to  its  own  channel.  But  with  each  conquest  of 
new  territory,  by  the  additional  volume  of  water  thus  gained, 
it  became  more  efficient  in  eroding  its  valley  while  the 
streams  whose  drainage  basins  had  been  thus  diminished 
were  even  less  able  to  hold  their  own.  Thus  the  process  was 
cumulative  in  its  effects  and  finally  the  stream  last  formed 
became  the  dominant  one  of  the  drainage  system. 

This  process  by  which  the  ridge  was  removed  and  the 
streams  shifted  from  their  original  position  in  the  synclinal 
trough  to  the  axis  of  the  anticlinal  may  be  further  illustrated 
by  the  diagram,  figure  2,  representing  a  section  through  the 


Figure  2.  Section  through  Lookout  mountain,  Wills  valley  and  Sand 
mountain;  showing  profile  of  the  land  surface  at  four  stages  in  the 
development  of  the  present  drainage  system. 

ridge  and  adjacent  troughs.  The  heavy  line  represents  the 
present  surface  and  the  unbroken  lines  the  beds  of  rock  as 
they  exist  at  present,  below  the  surface.  The  curved,  dotted 
lines  represents  the  position  of  the  beds  as  they  originally 
existed  hefore  their  removal.  Two  of  these  beds,  CI  and  Sr, 
which  are  sandstone,  offer  much  greater  resistance  toero3ion 
than  the  limestones  Ob,  So  and  Sk.     The  upper  carved  line 
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represents  the  profile  of  the  land  surface  on  which  drainage 
originated,  corresponding  in  position  to  the  line  M  N  in 
figure  1,  plate  I.  B  and  T  indicate  the  position  of  the  main 
streams  in  the  synclinal  troughs  into  which  the  side  streams 
flowed  from  the  intervening  anticlinal  ridge.  As  already 
explained  the  first  point  at  which  the  upper  hard  bed  Gl 
was  cut  through  was  on  the  steep  slopes  of  this  ridge  as  at 
w  and  v,  where  the  lateral  valleys  were  subsequently  formed 
in  a  direction  parallel  with  the  ridge.  The  upper  broken 
line,  then,  will  represent  the  surface  at  the  second  stage  of 
its  development  represented  in  figure  2,  plate  I.  Continu- 
ing to  erode  their  channels  downward  through  the  soft  rocks 
Cb,  the  streams  encountered  the  second  hard  bed  Sr,  and 
the  process  above  described  was  repeated,  producing  the 
surface  represented  by  the  lower  broken  line.  This  is  the 
third  stage  in  the  development  of  the  drainage  system  in 
which  the  streams  had  the  positions  indicated  in  fiure  3, 
plate  I.  Finally  the  lateral  stream  which  started  at  W, 
being  already  through  the  two  hard  beds,  easily  distanced 
its  competitors  and  robbed  them  of  successive  portions  of 
their  drainage  area  until  it  became  the  dominant  stream  of 
the  system,  Big  Wills  creek. 

The  stream,  BB,  figure  1,  plate  I,  which  originally  flowed 
the  whole  length  of  the  Lookout  synclinal  trough,  was  not 
permitted  to  retain  that  position.  Robbed  of  all  its  western 
tributaries  by  the  process  above  described,  it  wa«  unable 
with  its  diminished  volume  to  lower  its  channel  sufficiently 
fast  for  its  own  protection.  At  a  point  on  the  eastern  side 
of  the  synclinal  a  stream,  RR,  figure  3,  plate  I,  has  cut  back 
from  the  valley  of  the  Coosa  and  diverted  the  upper  portion 
from  its  original  channel.  Hence  the  present  course  of 
Little  river,  figure  4,  plate  I.,  follows  the  synclinal  to  this 
point  and  then  turns  sharply  to  the  southeast  by  a  deep 
rocky  gorge.  Other  portions  have  been  more  recently  di- 
verted by  Wolf  and  Yellow  creeks.  Thus  the  stream  which 
originally  drained  the  whole  of  the  synclinal  trough  and  the 

slopes  of  the  adjacent  anticlinal  ridges  has  been  robbed  of 
the  greater  part  of  its  drainage  basin  and  Black  creek  alone, 
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a  mere  remnant  of  the  original  stream,  retains  the  coarse 
which  it  has  followed  from  the  beginning.  For  a  short  time, 
during  the  stage  represented  by  figure  3,  plate  L,  Little 
Wills  creek,  w  w,  was  the  encroaching  stream,  but  reaching 
a  hard  stratum  its  career  of  conquest  was  checked  and  the 
stream  W,  more  favorably  situated,  although  last  born,,  be- 
came the  dominant  stream  of  the  system.  In  the  meantime 
the  anticlinal  ridge  had  been  entirely  removed  and  in  its 
place  a  deep  valley  excavated,  while  the  original  stream 
channels  were  left  high  up  in  the  synclinals  now  forming  the 
tops  of  the  mountains. 

This  is  but  one  of  numerous  examples  in  this  region  which 
might  be  followed  out  in  detail  to  show  how  the  drainage 
system  has  adjusted  itself  to  the  structural  surface  and  how 
the  present  position  of  the  streams  is  dependent  on  the  dip 
of  the  strata  and  the  alternation  of  hard  and  sort  rocke. 

It  must  be  borne  in  mind,  however,  that  only  the  latest 
stages  in  the  development  of  the  present  topography  can  be 
followed  with  certainty.  The  condition  which  immediately 
preceded  the  present  is  easily  inferred  but  as  the  processes 
are  followed  backward  they  become  more  obscure  and  finally 
are  only  to  be  conjectured:  Hence  in  th«  development  of 
Wills  valley  as  it  has  been  sketched  above,  the  explanation 
becomes  more  largely  pure  hypothesis  as  the  more  remote 
stages  are  reached.  The  explanation  offered  tor  the  earliest 
stages  is  not  the  only  one  possible,  but  is  perhaps  the  most 
probable  of  a  number  which  might  be  given. 

Also  in  the  above  sketch  several  complicating  factors  have 
been  purposely  omitted  for  the  sake  ef  greater  simplicity  in 
presenting  the  essential  points  of  the  theory.  Thus  the  anti- 
clinal arch  probably  continued  to  rise  during  the  process  of 
erosion  and  the  effect  which  this  may  have  had  on  the  result- 
ing topography  has  not  been  taken  into  consideration. 

Again,  the  faults  which  occur  at  frequent  intervals  along 
the  western  side  of  Wills  valley  must  have  exerted  an  im- 
portant influence,  since  along  the  fault  line  the  rocks  are 
fractured  and  crushed  so  that  they  afford  less  resistence  to 
erosion  than  elsewhere. 
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The  date  of  the  inception  of  these  faults  would  also  have 
a  bearing  on  the  problem,  and  their  influence  on  the  course 
of  development  of  the  valley  would  be  one  thing  if  they 
were  formed  near  the  beginning  of  the  folding  and  quite 
another  if  formed  after  erosion  had  made  some  progress. 

This  uncertainty  as  to  details,  however,  does  not  affect 
the  general  theory  of  the  formation  of  anticlinal  valleys. 
The  most  important  feature  ot  the  theory  is  the  encroach- 
ment of  one  stream  upon  the  drainage  basins  of  those  ad- 
jacent, and  this  rests  upon  evidence  wholly  free  from  the 
doubt  above  indicated. 


V.    STRATIGRAPHY. 

General  Classification  of  the  Rocks. 

The  rocks  of  the  area  under  consideration  belong  wholly 
to  the  Paleozoic  system  and  include  representatives  of  all 
its  larger  subdivisions  or  periods.  None  of  them  have  un- 
dergone metamorphism  to  any  considerable  extent.  The 
western  limit  of  the  metamorphic  rocks  lies  a  short  distance 
to  the  east  of  the  area.  There  is  much  doubt  as  to  the  hori- 
zon to  which  these  metamorphic  rocks  belong  and  this  can 
only  be  determined,  if  at  all,  by  much  further  detailed 
study;  but  with  regard  to  all  the  rocks  within  the  map  area 
there  is  no  serious  difficulty  in  determining  at  least  approxi- 
mately their  proper  stratigraphic  position. 

The  formation  names  employed  are  such  <*s  avoid  all  re- 
mote correlations,  being  purely  geog'aphio  and  taken  from 
localities  within  the  area  described  or  in  contiguous  areas 
from  which  they  have  been  continuously  traced.  The  basis 
of  division  is  a  lithologic  one,  a  formation  being  a  group  of 
strata  which  clearly  belong  together  by  reason  of  their 
general  similarity  in  composition,  implying  a  uniformity  in 
the  conditions  of  sedimentation  during  their  deposition. 

The  accompanying  table  shows  the  subdivisions  made 
within  the  area  and  also  the  names  which  have  hitherto  been 
applied  to  the  same  rocks  by  Smith  and  SafFord.  Wherever 
changes  have  been  made  from  the  usage  of  these  geologists 
it  has  been  in  accordance  with  the  general  principles  of 
nomenclature  above  stated: 
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Figure  4.     Columnar  section  showing  the  character  and  relative  thickness  of  the  strata  ex- 
posed east  of  Broom  town  valley. 
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In  the  following  pages  the  several  formations  will  be 
taken  up  in  order,  beginning  with  the  oldest,  and  described 
with  reference  to  their  (1)  lithologic  character,  (2)  areal 
distribution,  and  (3)  topographic  features. 

Cambrian  Bocks. 

The  oldest  rocks  in  the  area  under  consideration  belong  to 
the  Cambrian  period.    They  are  divided  into  three  forma- 
tions, as  follows : 
3.  Connasauga  shale ;  calcareous  gray  shale  with  beds  of 
o61itic  limestone  at  the  bottom,  and  blue  seamy  lime- 
stone toward  the  top. 
2.  Rome    sandstone;   variegated   sandy   shale    and   thin 
bedded  red  and  brown  sandstone,  including  the  Weis- 
ner  quartzite  in  lenticular  beds. 
1.  Coosa  sh-ile;  calcareous  shales  with  beds  of  limestone; 

also  calcareous  and  siliceous  nodular  concretions. 
The  above  subdivision  of  the  Cambrian  rocks  is  based 
wholly  upon  their  lithologic  character,  and  all  correlation 
with  other  regions  is  purposely  avoided.  It  must  be  regarded 
however,  as  only  tentative,  since  a  thorough  study  of  the 
fossils  contained  in  these  rocks  will  doubtless  necessitate 
considerable  changes.  Mr.  C.  D.  Walcott  has  reached,  the 
conclusion  from  very  recent  study  of  fossils  collected  by  Dr. 
Cooper  Curtice,  that  most,  if  not  all  the  rocks  embraced  in 
the  above  named  formations,  belong  to  the  Middle  Cam- 
brian. Mr.  Walcott  is  also  inclined  to  regard  some  of  the 
rocks  along  the  northwestern  side  of  Coosa  valley  which  are 
included  with  the  Coosa  on  the  accompanying  map,  as  equiva- 
lent to  the  Connasauga  shale.  But  further  study,  both  of  the 
fossils  and  the  structure  of  Coosa  valley,  will  be  required  to 
decide  this  point.* 

*  The  stratigraphic  succession  from  the  Connasauga  shale  downward 
through  the  Romg  sandstone  into  the  Coosa  shale  has  always  been  con- 
sidered without  break  or  unconformity.  'J  he  very  different  physical  ap- 
pearance of  the  two  shale  formations  with  their  interbedded  limestones 
made  this  the  natural  interpretation  and  one  would  hesitate  to  pronounce 
them  equivalent  except  on  the  clearest  evidence.     Since  the  accompanying 
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Coosa  Shah. — Qc,  To  the  lowest  divisiou  of  the  Cambrian 
rocks  the  name  Coosa  shale  has  been  applied  from  the  locality 
where  it  is  best  developed,  the  Coosa  valley  between  Rome 
and  Gadsden. 

The  typical  Coosa  is  a  finely  laminated  shale,  greenish, 
yellowish  or  gray  in  color,  weathering  to  a  heavy  gray  soil. 
The  shale  generally  contains  beds  of  limestone,  though  it 
may  be  locally  free  from  any  large  amount  of  calcareous 
matter.  These  beds  of  limestone  form  the  most  striking 
charactaristic  of  the  formation.  In  thickness  they  vary 
fiom  several  feet  forming  nearly  the  whole  mass,  to  less  than 
an  inch  with  thick  bands  of  shale  intervening.  Frequently 
in  place  of  continuous  beds  the  shale  is  filled  with  flat  lime- 
stone concretions  about  half  an  inch  in  thickness  and  a  few 
inches  broad  with  irregular  rounded  outlines.  These  concre- 
tions are  arranged  in  regular  layers  separated  by  from  one 
to  three  inches  of  shale,  and  projecting  from  the  shale  sur- 
face along  the  banks  of  streams,  present  a  characteristic  ap- 
pearance which  readily  distinguishes  the   iormation.      In 

map  was  prepared  and  this  report  sent  to  press,  however,  additional  field 
work  has  been  done  which  throws  light  on  the  question  and  adds  the 
■weight  of  structural  evidence  to  the  conclusion  suggested  by  Mr.  Walcott 
after  a  study  of  the  fossils  that  the  Connasaugs  and  Coosa  shales  occupy 
the  same  stratigraphic  position.  A  careful  study  of  the  region  north  and 
south  of  Rome,  Ga.,  revealed  the  presence  of  an  extensive  fault  immediately 
west  of  the  belt  of  Rome  sandstone  by  which  the  shales  above  the  sand- 
stone are  repeated  so  as  to  appear  conformable  to  and  below  it.  Some 
small  areas  of  Knox  dolomite  were  found  along  the  fault  line  dipping  under 
the  Rome  sandstone;  and  for  the  first  time  beds  of  oolitic  limestone,  al- 
ways considered  characteristic  of  the  Connasau^a,  were  found  in  the  shales 
heretofore  called  Coosa.  It  is  probable  that  other  faults  parallel  with  the 
first,  but  whose  existence  has  not  been  so  clearly  proven,  cause  the  Conna- 
sau«a  shale  to  be  several  times  repeated  in  such  a  manner  as  to  extend 
entirely  across  the  Coosa  valley.  The  striking  differences  in  physical  ap- 
pearance of  the  Connasauga  and  Coosa  shales  are  probably  to  be  accounted 
for  by  secondary  changes  in  the  latter,  brought  about  by  the  folding  and 
faulting  to  which  they  have  been  subjected  in  a  much  higher  degree  than 
the  former.  The  differences  may  be  due  in  part  to  different  conditions  of 
deposition  such  as  nearness  or  remoteness  of  shoreline.  Unfortunately  the 
cessation  of  field  work  will  delay  for  the  present  the  working  out  of  details 
of  structure  and  stratigraphy  in  this  extremely  interesting  region. 
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other  parts  of  the  formation  similar  shaped  concretions  are 
abundant,  but  composed  of  silica  instead  of  lime.  These 
siliceous  concretions  accumulate  on  the  surface  and  very 
closely  resemble  deposits  of  water  worn  gravel. 

The  shales  are  almost  always  highly  contorted,  and  the 
limestone  beds  are  filled  with  a  reticule  of  white  calcite 
veins,  while  the  limestone  itself  is  usually  dark  blue  in  color. 
No  reliable  estimate  jan  be  formed  as  to  the  thickness  of  the 
Ooosa,  but  from  the  broad  area  covered,  even  allowing  tor 
the  contortion  which  it  has  undergone,  it  must  be  at  least 
several  thousand  feet. 

The  Coosa  shales,  and  indeed  all  the  Cambrian  rocks,  are 
confined  to  the  division  east  of  Lookout  mountain,  although 
a  little  further  south  they  have  a  much  greater  westward 
extension  in  Jones  and  Murphrees  valleys. 

The  largest  area  occupied  by  the  Coosa  shale  is  the  Coosa 
valley  between  Rome  and  Gadsden.  The  length  of  this  belt 
within  the  map  area  is  about  forty  miles,  and  for  twenty-five 
it  has  a  breadth  of  ten  miles.  Approaching  the  eastern  end, 
it  tapers  off  into  a  numbr  of  long  slender  fingers,  being  sep- 
arated by  a  fault  from  the  younger  rocks  on  the  north.  This 
fault  will  be  described  later.  After  a  slight  break  at  Rome, 
the  same  belt  continues  northeastward  to  the  edge  of  the 
map,  forming  the  valley  of  the  Oostanaul*  river.  The  west- 
ern edge  which  is  limited  by  a  fault  as  further  south,  is  very 
irregular  and  several  projecting  arms  extend  toward  the  west 
where  they  lie  upon  rocks  which  belong  much  higher  in  the 
series. 

Areas  of  Coosa  shale  are  generally  characterized  by  the 
type  of  surface  known  as  "flatwoods."  A  large  proportion 
of  the  rock  material  is  removed  by  solution  and  the  soft 
shales  remaining  offer  but  little  resistance  to  eroding  agents. 
The  residual  soil  is  a  cold,  stiff  clay,  poorly  adapted  to  culti- 
vation and  hence  is  largely  permitted  to  retain  its  native 
forest  growth. 
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Rome  sandstone  and  Weisner  quarlzite. — Cr*  -Above  the 
Coosa  shales  is  a  group  of  sandy  shales,  sandstones,  and  quartz- 
ltes  of  undetermined  but  variable  thickness.  The  name  of 
the  formation  is  taken  from  its  typical  development  at  Rome, 
though  it  shows  wide  variations  from  this  type  both  in  thick- 
ness and  lithologic  character. 

The  base  of  the  formation  consists  of  several  hundred  feet 
of  highly  indurated  greenish  sandy  shale.  This  is  always 
contorted  with  much  crushing  and  the  breaks  are  partially 
filled  with  veins  of  quartz  which  are  seldom  more  than  half 
an  inch  thick.  Above  this  layer  of  greenish  sandstone  is  a 
great  thickness  ot  sandstones  generally  thin  bedded  and  fre- 
quently passing  into  sandy  shales.  They  are  usually  purple 
or  reddish  brown  in  color  and  show  abundant  suncracks  and 
ripple  marks.  The  upper  part  of  the  formation  consists  of 
shales  frequently  highly  colored  in  alternating  bands  of  red, 
purple,  yellow,  chocolate  and  green.  It  is  impracticable  to 
separate  these  shales  from  the  sandstone  on  account  of  their 
intimate  intergradation.  By  a  very  gradual  decrease  in  the 
proportion  of  sand  the  formation  changes  from  sandstone  to 
shale  with  no  abrupt  break  in  the  transition.  It  also 
changes  along  the'  strike  so  that  while  some  sections  show 
the  sandstone  extending  nearly  to  the  top  of  the  formation, 
others  not  far  distant  show  it  composed  almost  entirely  of 

shale. 

Among  the  purple  sandstones  are  occasionally  intercalated 

beds  of  white  sandstone  or.quartzite,  from  a  few  feet  in 
thickness  to  many  hundred.  It  is  called  the  Weisner  quartz- 
ite,  from  its  typical  development  in  Weisner  mountain. 
This  quarlzite  has  hitherto  been  correlated  with  the  Pots- 
dam of  New  York  and  the  Chilhowee  of  Tennessee,  but 
although  it  resembles  both  of  these  formations  in  lithologic 
character,  there  appears  to  be  no  sufficient  ground  for  as- 
suming that  they  are  contemporaneous  deposits.  Especially 
is  the  name  Chilhowee  objectionable,  since  the  rocks  which 
have  been  classed  together  under  that  name  appear  from  the 
work  of  Willis  and  Keith  in  Tennessee  to  belong  to  several 
widely  separated  horizons.    The  Weisner  quarlzite  probably 
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does  not  occupy  an  invariable  position  in  the  Cambrian 
series,  but  may  occur  at  any  point,  within  certain  limits, 
having  been  produced  by  the  rapid  local  accumulation  of 
pure  6and  contemporaneously  with  the  slower  deposition  of 
sandy  mud  which  formed  the  Rome  sandstones.  Hence  the 
Rome  sandstone  and  the  Weisner  quart zite  are  not  regarded 
as  distinct  formations,  but  as  different  lithologic  types  of 
the  same,  due  to  local  differences  in  the  condition  of  sedi- 
mentation. 

In  the  Cambrian  areas  of  Chattooga  valley  the  Rome 
formation  is  either  wholly  wanting  or  represented  by  fine 
shales  which  have  not  been  separated  from  the  overlying 
Connasauga.  If  the  formation  contains  sandstones  in  this 
region  they  have  not  yet  been  uncovered  by  erosion.  To 
the  east  of  Tajlors  ridge  the  formation  is  represented  by  a 
belt  of  purple  and  brown  sandy  shales  with  only  occasional 
beds  of  true  sandstone.  Apparently  growing  more  sandy 
toward  the  southeast,  the  Rome  reaches  its  greatest  devel- 
opment along  the  eastern  border  of  the  Ooptanaula-Coosa 
valley. 

The  distribution  of  the  Weisner  quartzite  is  quite  circum- 
scribed. It  occurs  strongly  developed  in  only  two  localities, 
at  Weisner  mountain  and  a  few  miles  to  the  eastward  at 
Indian  mountain,  both  on  the  southern  edge  of  the  map. 
There  is  a  profound  fault  between  the  two  and  it  is  possible 
that  they  originally  formed  a  continuous  bed,  but  on  this 
point  there  is  at  present  but  little  evidence  available.  It  is 
quite  probable  that  they  are  wholly  distinct  local  develop- 
ments of  quartzite  at  different  horizons  in  the  formation 
They  form  the  northern  members  of  a  series  of  similar  lentic- 
ular quartzite  masses  which  extend  to  the  southwest  nearly 
to  the  southern  limit  of  the  Paleozoic  rocks. 

The  Rome  formation  produces  a  series  of  comby  ridges 
varying  in  height  with  the  proportion  of  sandstone  and 
shale  and  its  degree  of  induration,  but  always  sufficient  to 
form  a  strong  contrast  with  the  flatwoods  country  of  the  ad- 
jacent  Coosa  shales.     The  many  knob?  and  short  ridges  north 
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and  south  of  Rome  are  good  types  of  the  topography  result- 
ing from  the  weathering  of  these  rocks. 

The  Weisner  quartzite  is  the  most  obdurate  rock  of  the 
region,  and  wherever  developed  in  afty  force,  forms  bold 
ridges  steep  and  rugged  on  the  side  formed  by  outcropping 
edges  of  quartzite  and  sloping  more  gradually  with  the  dip  of 
the  beds  on  the  other  side. 

Connasauga  Shale. — Cc-  Above  the  Rome  sandstone  is 
another  series  of  shales  and  limestones  forming  the  upper 
division  of  the  Cambrian  rocks  as  they  occur  in  this  region. 
The  formation  is  named  from  its  typical  development  in  the 
Connasauga  valley  of  northern  Georgia.  It  corresponds  in 
general  with  the  Knox  shale  as  described  by  Safford.  The 
formation  consists  of  gray  calcareous  shales  alternating  with 
beds  of  limestone.  The  limestone  is  most  abundant  toward 
the  top  where  it  frequently  occurs  almost  entirely  replacing 
the  shale  for  several  hundred  feet  in  thickness.  It  is  sepa- 
rated into  thin  beds  by  seams  of  argillaceous  material  which 
are  scarcely  visible  on  fresh  surfaces,  but  become  prominent 
by  weathering,  since  the  lime  is  dissolved  away  leaving 
behind  the  insoluble  clay  forming  the  seams.  There  is  no 
sharp  line  separating  the  shales  from  the  beds  of  limestone, 
but  one  passes  into  the  other  by  insensible  gradations. 
Wherever  the  clay  seams  increase  slightly  in  thickness  and 
number  the  rock  weathers  to  a  bed  of  shale,  and  when  they 
decrease  it  appears  as  a  bed  of  limestone. 

The  lowest  beds  of  limestone  which  mark  the  base  of  the 
formation  have  a  peculiar  oolitic  structure.  The  rock  is 
largely  made  up  of  small  round  grains  the  size  of  bird  shot. 
Sometimes  these  grains  or  oolites  are  flattened  or  elongated. 
They  are  wholly  different  in  their  orign  from  the  rounded 
quartz  grains  of  which  sandstones  are  composed.  The  latter 
have  been  rounded  by  the  action  of  water  in  streams  or 
waves  rubbing  them  against  each  other  and  so  wearing  off 
their  corners,  but  the  grains  of  the  oolitic  limestone  were 
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formed  in  their  present  position  in  the  rock  itself  though  the 
process  by  which  they  were  formed  is  not  thoroughly  under- 
stood. 

The  Connasauga  forms  a  long  narrow  belt  in  Chattooga 
valley,  extending  toward  the  north  beyond  the  limits  of  the 
map.  At  the  southern  end  of  this  strip  this  upper  division 
of  the  Cambrian  is  brought  in  contact  with  the  Coosa  by  a 
fault.  Where  (he  two  shale  formations  come  together  it  is 
difficult  to  draw  a  line  between  them  and  some  of  the  shales 
on  the  western  side  of  Coosa  valley  may  be  found  to  be 
Connasauga  instead  of  Coosa  as  they  are  represented  on  (he 
map.  The  Connasauga  forms  a  long  narrow  strip  bordering 
the  Rome  which  lies-east  of  Taylor's  ridge  and  a  still  more 
extensive  strip  parallel  with  the  Rome  sandstone  which  has 
already  been  described  as  bordering  the  Oostanaula-Coosa 
valley.  At  no  point  west  of  Lookout  mountain  has  erosion 
cut  deep  enough  to  expose  these  rocks,  though  probably 
they  do  not  lie  far  below  the  surface  in  Wills  valley. 

The  Connasauga  shales  invariably  give  rise  to  valleys 
lying  between  the  more  obdurate  Rome  sandstone  on  the 
one  hand,  and  rounded  hills  of  residual  clay  and  chert  on 
the  other.  When  the  limestone  makes  up  a  considerable 
proportion  of  the  formation,  these  valleys  have  a  deep  red 
soil,  as  in  the  case  of  Van's  valley,  north  of  Cave  Spring, 
Georgia.  When  the  argillaceous  shales  predominate  the 
soil  is  apt  to  be  rather  sterile. 

Silurian  Rocks. 

The  rocks  of  the  Silurian  period  are  divided  into  three 
formations,  as  follows: 

3.  Rockwood  formation.  On  the  northwest  calcareous 
shales,  becoming  sandy  shales  and  coarse  sandstones 
toward  the  southeast. 

2.  Chickamauga  limestone.  On  the  northwest  blue  lime- 
stone, becoming  argillaceous  in  the  upper  part  toward 
the  southeast. 
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1.   Knox   dolomite.     Massive,   cherty,    magnesian  lime- 
stone, becoming  sandy  toward  the  southeast. 

Knox  dolomite. — Sk.  The  lowest  of  these  formations  is 
the  Enox  dolomite  of  Safford.  It  is  usually  a  rather  coarsely 
crystalline,  sugary,  magnesian  limestone,  though  it  is  some- 
times compact  and  fine  grained  resembling  lithographic 
stone.  The  color  is  generally  light  gray,  but  varies  all  the 
way  from  white  to  dark  blue.  The  chief  characteristic  of 
the  formation  is  the  large  amount  of  silica  which  it  carries, 
mostly  in  the  form  of  chert,  though  sometimes  disseminated 
throughout  the  mass  as  glassy  siliceous  grains,  in  which 
case  the  product  of  weathering  is  a  coarse  porous  sandstone. 
The  chert  occurs  in  layers  of  flattened  nodules  which  are 
frequently  banded  parallel  to  the  outer  surface.  The 
nodules  pass  into  continuous  beds  and  in  some  cases  these 
beds  of  chert  make  up  the  larger  portion  of  the  rock  with 
but  little  calcareous  matter  intervening  The  formation  is 
between  3,000  and  3,500  feet  in  thickness,  thinning  slightly 
toward  the  south. 

The  Knox  dolomite  occupies  lopg  narrow  strips  in  the 
central  and  eastern  portions  of  the  map  area.  It  comas  to 
the  surface  along  the  anticlinal  axes,  or  as  a  narrow  strip  on 
either  side  when  the  Cambrian  rocks  are  exposed  along  the 
center  of  the  anticlinal.  The  largest  area  of  dolomite  is  in 
the  southeastern  portion  where  these  rocks  form  a  broad 
gently  undulating  synclinal. 

The  weathering  of  the  Knox  dolomite  gives  rise  to  a  char- 
acteristic topography.  The  carbonates  of  lime  and  magnesia 
are  removed  by  solution,  and  there  is  left  behind^  a  large 
amount  of  insoluble  clay  and  chert.  The  surface,  deeply 
covered  with  this  residual  material,  bears  few  running 
streams.  Large  numbers  of  sink  holes  receive  the  water 
falling  on  the  surface,  and  from  these  it  finds  its  way  through 
caverns  dissolved  in  the  rock  itself,  emerging  at  length  in 
springs  along  the  borders  of  the  adjacent  formations.  The 
surface  is  covered  with  a  series  of  low  rounded  hills  without 
any  apparent  regularity  of  arrangement,  except  that  corres- 
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pouding  with  the  outcrops  of  the  dolomite.  When  the  chert 
forms  the  greater  part  of  the  rock  mass,  greater  regularity 
in  arrangement  results,  and  high  steep  ridges  are  formed  in 
place  of  rounded  hills.  This  i*  apt  to  be  the  case  also,  where 
the  dolomite  has  a  very  steep  dip. 

Chickamauga  Limestone. — Sc.  The  second  division  of  the 
Silurian,  lying  next  above  the  Knox  dolomite,  is  the  Chicka- 
mauga limestone.  The  name  is  taken  from  the  Chicka- 
mauga valley,  where  the  formation  has  its  greatest  develop- 
ment within  the  map  area,  and  is  intermediate  in  character 
between  its  western  and  eastern  phases.  The  formation  in- 
cludes the  rocks  classed  as  Nashville  or  Cincinnati,  Trenton 
and  Chazy  by  Smith,  and  as  Nashville  and  Trenton  or  Leb- 
anon by  Saflford.  Whatever  correlations  or  subdivisions  may 
be  made,  based  on  the  evidence  of  fossils,  the  formation 
from  top  to  bottom  is  essentially  a  lithologic  unit.  It  is,  in 
its  western  exposures,  a  blue,  flaggy,  highly  foss»liferous 
limestone,  with  some  local  variations  of  minor  importance. 
From  the  eastern  ed^e  of  Lookout  mountain,  there  is  a  gradual 
and  uniform  change  toward  the  southeast.  The  change  con- 
sists in  a  decrease  in  the  abundance  of  fossils  and  calcareous 
material,  and  an  increase  in  argillaceous  matter;  the  lime- 
stone becomes  more  earthy  and  along  the  eastern  edge  of 
the  map  area  is  red  or  dove  colored  and  sparingly  fossilifer- 
ous.  In  its  unweathered  condition  it  is  still  essentially  a 
limestone,  but  by  the  leaching  out  of  the  calcareous  matter 
it  usually  appears  at  the  surface  as  an  earthy  non  fissile 
shale. 

In  the  southeastern  corner  of  the  sheet  the  Chickamauga 
is  differentiated  into  two  well  marked  formations.  The  lower 
portion  retains  much  the  same  character  that  it  has  toward 
the  west  being  a  rather  massive  blue  limestone  with  some 
beds  which  weather  to  shale.  The  upper  poriion,  however, 
is  composed  ot  calcareous  shale  which  by  the  development 
of  a  very  perfect  cleavage  forms  the  Rockmart  roofing  slate. 

In  the  southern  part  of  the  area  the  base  of  the  Chicka- 
mauga is  locally  marked  by  a  heavy  bed  of  breccia,  composed 
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of  angular  or  slightly  rounded  fragments  of  chert.  In  some 
places  the  bed  is  made  up  almost  wholly  of  these  chert  frag- 
ments, with  but  little  cement,  and  it  shows  all  gradations 
from  this  extreme  to  a  fine  grained  earthy  limestone  contain- 
ing only  occasional  fragments  scattered  through  its  mass. 
When  there  is  just  sufficient  calcareous  material  to  make  a 
firm  cement  or  bedding  for  the  angular  chert  fragments,  the 
rock  is  used  for  mill  stones  for  which  purpose  it  seems  ad- 
mirably adapted. 

This  bed  of  breccia  points  to  a  period  of  disturbance  at  the 
conclusion  of  the  Knox  dolomite  epoch  when  the  rocks  al- 
ready deposited  were  elevated  sufficiently  (o  suffer  some 
local  erosion  with  the  redeposition  of  the  more  durable  por- 
tions. No  indication  of  unconformity  appears  between  ad- 
jacent beds  ot  dolomite  knd  limestone,  but  in  their  present 
disturbed  and  poorly  exposed  condition,  a  slight  uncon- 
formity would  be  extremely  difficult  to  detect. 
/  The  largest  areas  of  Ohickamauga  limestone  are  in  the 

southern  half  of  Browns  valley  and  in  West  Chickamauga 
valley.  In  the  former  it  is  the  oldest  formation  exposed, 
occupying  the  top  of  an  anticlinal ;  in  the  latter  it  is  the 
youngest,  occupying  a  synclinal  from  which  the  higher 
formations,  still  seen  in  Pigeon  mountain, have  been  removed. 
Aside  from  these  comparatively  broad  areas,  the  Chicka- 
mauga limestone  occurs  only  in  narrow  strips  where  the 
upturned  edges  of  the  formation  border  the  various  synclinals 
occupying  the  central  and  western  divisions  of  the  map  area. 

This  limestone  uniformly  gives  rise  to  valleys  which 
usually  lie  between  the  chert  hills  on  one  side  and  the  Rock- 
wood  shale  or  sandstoue  ridge  on  the  other.  It  generally 
extends  well  up  in  the  face  of  the  ridge,  protected  from 
erosion  by  the  overlying  sandstone. 

Rockwood  Formation. — Sr.  This  formation  includes  all 
of  the  Silurian  above  the  Chickamauga  limestone;  the  Dye- 
stone  group.  White  Oak  and  Clinch  mountain  sandstone  of 
Safford,  and  the  Clinton,  Red  mountain  or  Dyestone  of  the 
Alabama  survey. 
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In  the  northwestern  portion  of  the  area,  the  formation 
consists  of  from  600  to  800  feet  of  calcareous  shales  with 
thin  beds  of  limestone  and  fossil  iron  ore.  Toward  the  south- 
east it  becomes  less  calcareous  and  more  sandy.  In  Taylor's 
ridge  it  is  about  double  the  above  thickness  and  appears  as 
a  series  of  thin  bedded  purple  sandstones,  corresponding  to 
SafFord's  White  Oak  mountain  sandstone.  Still  farther  east 
in  Chattoogata  and  Rocky  Face,  interbedded  with  shales 
above  the  red  sandstone,  are  two  heavy  beds  of  white  sand, 
stone  or  quartzite,  corresponding  in  lithologic  character 
though  probably  not  in  stratigraphic  position  to  Safford's 
Clinch  sandstone.  This  change  from  the  phase  presented  in 
Browns  valley  to  that  in  Rocky  Face,  is  a  gradual  one  and 
doubtless  with  sufficient  exposures  individual  beds  could  be 
shown  to  pass  through  all  the  intermediate  varieties.  It  is 
exactly  the  change  which  would  be  expected  to  occur  in 
passing  from  off-shore  deposits  to  those  comparatively  near 
the  source  of  supply  from  which  the  rock  material  was  de- 
rived. While  this  change  in  lithologic  character  is  most 
marked  in  passing  across  the  strike,  it  is  also  noticeable 
along  the  strike.  Thus  in  Johnson*  Crook  at  the  head  of 
the  Wills  valley  anticlinal  the  formation  is  very  calcareous, 
while  to  the  southwest  on  the  same  anticlinal  at  Atalla  it 
contains  much  thin  bedded  sandstone.  The  same  transition 
is  seen  in  Taylors  ridge.  At  its  northern  extremity,  White 
Oak  mountain  in  Tennessee,  the  formation  consists  largely 
of  thin  red  sandstones,  with  shales  toward  the  top  contain- 
ing a  considerable  bed  of  iron  ore.  Toward  the  southwest 
the  shales  and  iron  ore  at  the  top  disappear  and  the  whole 
formation  at  the  southern  end  of  the  ridge  consists  of  heavily 
bedded  reddish  brown  sandstone  with  some  beds  approach- 
ing quartzite  in  character.  These  lithologic  changes  indicate 
that  the  structure  axes  are  not  exactly  parallel  with  the 
Silurian  shore  line,  but  that  the  latter  had  a  more  east  and 

west  direction  than  the  present  strike. 
The  Rockwood  formation  nowhere  occupies  areas  of  any 

considerable  extent,  but  the  aggregate  area  of  its  outcrops 

is  not  inconsiderable.     The  red  iron  ore  which  renders  this 
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formation  so  important  in  the  southern  Appalachian  region r 
does  not  extend  south  of  the  Tennesse  line  in  Taylors  ridge 
and  probably  does  not  occur  in  any  of  the  ridges  east  of  Dirt 
Seller  mountain.  It  is  uniformly  present  to  the  west,  though 
not  always  in  quantities  sufficient  for  profitable  working. 
In  the  central  division  the  formation  occurs  in  narrow  strips 
forming  minor  ridges  along  the  sides  of  the  valleys  and 
parallel  with  the  escarpments  of  Coal-measure  sandstone. 
The  ridges  are  produced  partly  by  the  rocks  of  this  forma- 
tion, but  are  due  more  to  the  resistance  offered  to  erosion 
by  the  chert  beds  at  the  base  of  the  Carboniferous.  In  the 
eastern  division  the  Rock  wood  sandstone  produces  the  ridges, 
the  cherty  bads  being  a  subordinate  factor. 

Devonian  Rocks. 

Chattanooga  black  shale  — Dc.  The  whole  of  the  Devonian 
period  is  represented  in  Alabama  and  Georgia  by  a  thin  stra- 
tum, from  eighteen  to  thirty  five  feet,  of  black,  highly  car- 
bonaceous shale.  This  passes  by  a  more  or  less  gradual  tran- 
sition into  the  blue  and  yellow  shales  of  the  Rock  wood  forma- 
tion below,  while  at  the  upper  limit  there  is  an  abrupt  pas- 
sage to  the  Fort  Payne  chert  forming  the  base  of  the  Car- 
boniferous. The  upper  bed  of  the  Chattanooga,  about  three 
feet  in  thickness,  is  bluish  gray  shale,  and  usually  carries 
at  the  top  a  layer  of  round  concretions  an  inch  or  less  in 
diameter. 

Occurring  between  two  ridg*  making  formations,  the  black 
shale  occupies  a  narrow  strip  along  one  side  near  the  crest 
Of  the  Rockwood  ridges.  It  occupies  this  position  in  all  ex- 
cept the  extreme  eastern  ridges,  where  the  formation  appears 
to  be  wanting,  the  Fort  Payne  chert  resting  directly  upon 
the  Silurian  sandstone 

Carboniferous  Bocks. 

The  rocks  of  the  Carboniferous  period  are  placed  in  the 
following  six  divisions,  of  which  the  two  upper  belong  to  the 
Coal-measures  and  the  remainder  to  the  sub-Carboniferous 
group,  as  defined  by  Smith  and  Safford.  The  name,  Mississip- 
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pian,  has  more  recently  been  applied  to  this  group  of  rocks 
by  Prof.  H.  S.  Williams  and  is  much  preferable  to  sub-Car- 
boniferous. The  four  formations  comprised  in  the  Missis- 
sippiau  group  in  this  region  are  not  separated  on  the  accom- 
panying map,  but  are  represented  together  by  a  single  pat- 
tern in  order  to  avoid  confusion. 

6.  Walden  sandstone ;  coarse  sandstone,  sandy  shale,  argil- 
laceous shale  or  fire  clay,  and  beds  of  coal. 

5.  Lookout  sandstone;  coarse  conglomerate,  sandstone  and 
shale  with  beds  of  coal  toward  the  north. 

4.  Bangor  limestone ;  blue  crinoidal  limestone  with  nod- 
ules of  chert,  partly  replaced  toward  the  southeast  by 
the  two  formations  below. 

3.  Oxmoor  sandstone;  white  or  yellow  coarse  porous  sand- 
stone, occurring  as  lenses  at  the  top  of  the  following 
formation. 

2.  Floyd  shale;  black  carbonaceous  shale  with  beds  of 
shaly  limestone. 

1.  Fort  Payne  chert;  cherty  limestone  with  beds  of  mass- 
ive chert  at  the  base. 

Fort  Payne  chert — Cp.  The  lowest  formation  of  the  sub- 
Oaiboniferous  or  Mississippian  group  consists  of  highly  sili- 
ceous limestone.  Its  name  is  taken  from  Fort  Payne,  Ala- 
bama, where  it  is  typically  developed.  At  the  base  of  the 
formation  are  heavy  beds  of  chert  which  become  less  massive 
higher  up,  and  toward  the  top  are  replaced  by  more  or  less 
abundant  isolated  nodules.  Sometimes  the  chert  is  almost 
wholly  replaced  by  beds  of  porous  sandstone.  This  change 
is  specially  marked  toward  the  northeast. 

The  Fort  Payne  chert  varies  in  thickness  from  two  hundred 
feet  in  the  southern  portion  of  the  field,  to  fifty  or  or  less  in 
the  northeastern.  The  lower  beds  carry  few  fossils,  but 
higher  up  they  become  very  abundant  and  the  rock  frequently 
consists  of  a  mass  of  crinoid  stems  imbedded  in  a  siliceous 
cement.  On  weathering,  the  cement  remains  as  a  porous 
chert  filled  with  fossil  impressions. 
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The  topographic  value  of  the  Fort  Payne  chert  has  already 
been  described  in  discussing  the  relative  efficiency  of  that 
formation  and  the  Rock  wood  in  the  production  of  ridges. 

Oxmoor  sandstone. — Co.  ) 

Floyd  shale. — Cf.  )      The  Fort  Payne  chert  is  fol- 

lowed by  an  extremely  variable  formation  which  has  been 
named  from  its  great  development  in  Floyd  county,  Georgia. 
It  consists  in  the  eastern  division  of  black  or  yellow  shales 
with  beds  of  limestone,  and  local  developments  of  sandstone. 
In  the  central  and  western  divisions  it  is  much  thinner  and 
more  calcareous,  and  only  towards  the  south  are  the  sand- 
stones present.  The  Floyd  shales  contain  a  large  amount  of 
calcareous  matter,  either  as  beds  of  pure  blue  limestone  or 
disseminated  through  the  shales.  The  fossils  are  confined  to 
the  more  calcareous  portions  and  in  these  they  are  extremely 
abundant.  As  already  stated,  the  formation  becomes  more 
calcareous  toward  the  west  and  contains  heavy  beds  of  lime- 
stone below  the  Oxmoor  sandstone  which  there  forms  its 
upper  member. 

The  Oxmoor  sandstone  is  variable  in  character  and  in  its 
position  in  the  formation.  Toward  the  southwest  it  is  a 
coarse,  porous  sandstone,  white  or  yellow,  occurring  in  heavy 
beds  with  few  fossils.  East  of  Taylors  ridge  there  is  a  thin 
bedded,  more  compact  sandstone,  sometimes  highly  fossilifer- 
ous  which  passes  gradually  into  the  Floyd  shales  above  and 
below.  Indeed,  these  sandstones  east  of  Taylors  ridge  may 
be  regarded  simply  as  a  phase  of  the  Floyd  shales,  and  it 
is  questionable  whether  they  should  be  correlated  with  the 
Oxmoor  sandstones  occurring  west  of  Browns  valley. 

Wherever  the  Oxmoor  sandstones  occur  they  exert  a 
maiked  influence  on  the  topography.  In  Texas  and  Dirt 
Town  valleys  they  appear  as  low  but  distinct  ridges  lying 
between  the  higher  elevations  formed  by  the  Fort  Payne 
chert  and  Rock  wood  on  one  hand,  and  the  escarpment  of 
Lookout  sandstone  on  the  other.  West  of  Browns  valley  and 
south  ->f  the  Tennessee  river,  the  Oxmoor  sandstone  forms  a 
terrace  part  way  up  the  steep  slopes  of  the  plateau.     The 
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Floyd  shales  always  give  rise  to  valleys  forming,  in  the 
eastern  division,  a  continuation  northward  of  the  broad, 
level  Coosa  valley  "flatwoods."  In  the  central  division 
they  are  long  and  narrow,  lying  between  the  short  ridges 
and  the  sandstone  escarpment.  The  underlying  rock  is 
seldom  exposed,  being  usually  deeply  covered  by  overplaced 
soil  and  rock  debris  from  the  formations  on  either  side,  es- 
pecially from  the  Lookout  sandstone. 

Bangor  Limestone. — (Jb.  The  upper  member  of  the  sub- 
Carboniferous  or  Mississippian  group  consists  in  the  main  of 
pure  blue  limestone.  Its  greatest  development  is  in  the 
western  division  of  the  area,  where  it  r^sts  directly  upon 
the  Oxmoor  sandstone;  or  where  that  is  wanting  as  at 
Stevenson,  Ala.,  the  limestone  extends  without  break  down 
to  the  Fort  Payne  chert.  It  is  equivalent  to  Smith's  upper 
sub- Carboniferous,  and  very  nearly  to  Safford's  mountain 
limestone.  The  limestone  is  always  highly  fossiliferous,  being 
made  up  almost  entirely  of  fragments  of  Crinoid  stems.  A 
short  distance,  perhaps  fifty  feet,  from  the  top  it  becomes 
very  earthy  and  usually  passes  into  bright  colored  clay 
shales.  These  beds  mark  the  transition  from  a  deep  sea  in 
which  the  limestone  formed,  to  a  shallow  sea  in  which  the 
mud,  sand  and  pebbles  of  the  formation  above  were  deposited. 

In  the  western  division  the  Bangor  limestone  forms  the 
slopes  of  the  mesas  already  described  in  speaking  of  the  to- 
pography of  that  section.  The  larger  streams  have  cut 
down  through  this  formation,  but  it  still  forms  the  bottoms 
and  sides  of  the  smaller  valleys.  Wherever  the  protecting 
cap  of  sandstone  remains,  the  slopes  are  steep,  rocky,  aid 
usually  covered  with  a  dense  growth  of  cedar.  Where  the 
sandstone  has  been  entirely  removed,  a  gently  undulatng 
surface  results.  In  the  central  division  the  Bangor  lime- 
stone is  found  only  in  the  steep  mountain  slopes.  It  is  not, 
itself,  a  mountain  producing  formation,  but  owes  its  position 
to  the  protecting  sandstone  which  overlies  it.  In  the  esstern 
division  the  formation  is  much  thinner  and  great!;  restricted 
in  the  area  which  it  covers.     It  is  only  found  skirtiig  the 
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few  remnants  of  Lookout  sandstone  which  have  here  escaped 
erosion. 

The  thickness  of  the  Mississippian  group  as  a  whole,  in- 
creases from  the  northwest  to  the  east  and  south.  At  Steven- 
son, Alabama,  it  is  not  more  than  eight  hundred  feet  in 
thickness.  At  Guntersville  it  is  from  eight  hundred  and 
fifty  to  one  thousand  ieet.  In  the  central  division  it  increases 
from  eleven  hundred  feet  at  Trenton,  Georgia,  to  about  fif- 
teen hundred  at  the  southern  end  of  Lookout  mountain. 
The  Floyd  shales  of  the  eastern  division  are  so  highly  con- 
torted that  their  thickness  can  not  be  estimated  with  any 
degree  of  certainty,  but  this  formation  alone  must  be  as 
thick  as  the  whole  group  further  west. 

Walden  Sandstone. — Cw.    ) 

Lookout  Sandstone. — CI.  )  Coal  measures. — While  the 
lower  portion  of  the  Carboniferous  period  is  represented  by 
rocks  which  are  prevailingly  calcareous,  the  upper  portion 
is  represented  by  sandstones  and  shales  with  very  little  cal- 
careous matter,  indicating  a  marked  and  permanent  change 
in  the  conditions  of  deposition  at  the  end  of  the  Mississippian 
era.  The  change  was  in  the  direction  of  shallower  water 
and  more  abundant  supply  of  mud  and  sand,  conditions  un- 
favorable for  the  animals  whose  remains  go  to  form  lime- 
stone. The  surface  also  stood  above  sea  level  at  various 
times,  long  enough  at  least  for  the  luxuriant  vegetation  to 
flourish  which  has  left  its  remains  in  the  coal  beds. 

These  sandstones  and  shales  above  the  Mississippian  group 
form  the  coal  measures.  They  have  been  carefully  studied 
by  geologists  of  the  Alabama  Survey,  especially  McCalley 
and  Gibson,  and  the  coal  beds  which  they  contain  have  been 
so  fully  described  that  only  their  general  stratigraphic  rela- 
tions will  be  mentioned  here. 

These  rocks  are  divided  in  the  present  report  into  two 
formations,  Lookout  sandstone  below  and  Walden  sandstone 
above.  The  division  is  made  at  the  top  of  a  bed  of  con- 
glomerate from  ten  to  seventy  feet  in  thickness  which  is  a 
constant  feature  throughout  the  greater  part  of  this  field. 
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The  Lookout  sandstone  consists  of  argillaceous  shale  or 
fire  clay,  sandy  shale  and  sandstone  with  conglomerate  at 
the  top.  The  formation  varies  in  thickness  from  about  four 
hundred  feet  in  Lookout  mountain  to  less  than  fifty  feet  in 
Bristows  cove,  where  the  conglomorate  rests  directly  on  the 
Bangor  limestone.  In  its  thicker  portions  the  Lookout  con- 
tains at  least  two  seams  of  coal  which  are  in  places  of  work 
able  thickness,  though  not  generally  so. 

Above  the  conglomorate  are  sandstones  and  shales  with 
beds  of  coal  and  fire  clay  forming  a  series  of  rocks  very 
similar  to  those  composing  the  Lookout.  These  upper  rocks, 
embraced  under  the  name  Walden,  are  more  homogeneous 
than  the  Lookout  and  show  marks  of  fewer  abrupt  changes 
in  conditions  of  sedimentation.  They  contain  most  of  the 
coal  which  forms  so  important  an  element  in  the  wealth  of 
northern  Alabama.  West  of  the  Tennessee  river  only  a  few 
traces  of  conglomerate  are  found  and  the  division  between 
the  Lookout  and  Walden  becomes  very  uncertain. 

While  the  greater  part  of  Coal-measure  rocks  which  origi- 
nally covered  the  whole  area  have  been  removed  by  erosion, 
their  present  outcrops  still  occupy  a  much  larger  part  of  the 
surface  than  those  of  any  underlying  formation.  In  the  west- 
ern division,  as  already  stated  in  speaking  of  the  topography, 
mere  remnants  of  a  once  continuous  sheet  of  these  rocks  re- 
main capping  the  summits  of  the  mesas. 

Of  the  central  division  at  least  three-fourths  are  covered 

by  Coal-measures.     The  beds  of  conglomorate  and  associated 

heavy  sandstones  usually  form  a  vertical  cliff  which  is  a 

prominent  feature  in  the  plateau  escarpments,  and  an  almost 

impassible  barrier  about  the  edges  of  Sand  and  Lookout 

mountains  and  the  mesas  west  of  Brown's  valley.      The 

Walden  sandstone  lying  above  the  conglomorate  occurs  in 

the  synclinals  of  Sand  and  Lookout  mountains. 

In  the  eastern  division  there  are  three  very  limited  areas 

of  Coal-measure  rocks.     These  are  fragments  which  have 

been  protected  from  erosion  by  their  position  in  the  lowest 

portions  of  the  Taylors  ridge  synclinal.     They  are  of  great 

interest  as  proving  beyond  question  that  the  Coal-measures 
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originally  extended  in  a  continuous  sheet  over  the  whole  area. 
Thus  they  afford  a  measure  of  the  thickness  of  strata  eroded, 
especially  in  the  eastern  division,  since  the  region  was  ele- 
vated above  sea  level. 

The  marked  difference  in  the  character  of  topography 
produced  by  the  Goal-measures  on  the  one  hand  and  the 
Rockwood  formation  on  the  other,  is  due  to  the  relation 
which  the  two  sets  of  rocks  ordinarily  hold  to  a  horizontal 
plane.  The  Rockwood  sandstones  usually  dip  at  steep  an- 
gles and  so  produce  sharp  ridges.  The  Ooal-measure  sand- 
stones, on  the  other  hand,  are  usually  horizontal  or  have  low 
dips,  and  produce  forms  ot  topography  approaching  the 
plateau  type.  In  a  few  cases,  the  topography  of  the  two 
formations  is  reversed.  Thus,  in  the  northern  end  of  Dirt 
Seller  mountain,  the  horizontal  Rockwood  forms  a  small 
plateau,  while  toward  the  southern  end  of  Sand  mountain, 
and  in  the  southern  end  of  Lookout  mountain,  the  highly 
inclined  Coal-measures  form  sharp  monoclinal  ridges. 


VI.     STRUCTURE. 

Folds. 

General  Relations. — In  the  region  under  consideration  the 
rocks  whose  beds  now  stand  at  ajl  possible  angles  with  the 
horizon,  were  originally  horizontal  or  nearly  so.  They  were 
deposited  in  broad  sheets  of  sand  or  mud  over  the  bottom  of 
a  sea  which  covered  the  greater  part  of  the  Mississippi  val- 
ley, having  its  eastern  shore  a  little  to  the  eastward  of  the 
present  great  Appalachian  valley.  Since  their  deposition, 
the  strata  have  been  subjected  to  compression  in  a  northwest 
and  southeast  direction  so  that  the  beds  originally  horizontal 
are  now  crowded  into  a  series  of  folds.  If  the  rocks  which 
have  been  removed  by  erosion  were  restored,  a  fluted  sur- 
face would  be  presented,  formed  by.  parallel  arches  and 
troughs  extending  in  a  direction  at  right  angles  to  that 
in  which  the  compression  took  place.  The  accompanying 
map  covers  but  a  very  small  part  of  the  area  occupied  by 
these  folded  strata  in  the  Appalachian  province.  They  form 
a  narrow  belt  extending  toward  the  northeast  through  Ten- 
nessee, Virginia  and  Pennsylvania,  and  southwest  toward 
middle  Alabama. 

The  forces  which  caused  these  folds  acted  in  such  a  manner 
as  to  produce  the  greatest  results  in  the  beds  .which  were 
deposited  near  the  shore.  On  the  southeastern  edge  of  the 
compressed  belt,  east  of  Chattooga  valley  on  the  map,  the 
folds  are  closely  crowded  together  and  no  considerable  areas 
of  horizontal  rocks  remain.  In  the  central  portion  between 
the  Tennessee  and  Chattooga  rivers  these  folds  are  further 
apart,  their  sides  have  gentler  slopes,  and  -the  beds  are  still 
horizontal  in  the  troughs.  Ou  the  extreme  western  edge 
the  force  appears  to  have  spent  itself,  and  the  strata  retain 


structure;  definition  op  terms.  53 

very  nearly  the  horizontal  position  in  which  they  were  orig- 
inally deposited.  They  have  been  raised  to  a  higher  level 
with  reference  to  the  sea  and  slightly  warped  but#are  with- 
out sharp  folds. 

Definition  of  terms. — In  describing  these  folded  strata  the 
terra  synclinal  is  applied  to  the  trough,  and  anticlinal,  to 
the  arch.  A  synclinal  axis  is  a  line  running  lengthwise  of 
the  synclinal  trough,  at  every  point  occupying  its  lowest  part 
and  toward  which  the  rocks  dip  on  either  side.  Au  anti- 
clinal axis  is  a  line  occupying  at  every  point  the  highest  por- 
tion of  the  anticlinal  arch,  and  away  from  which  the  rocks 
dip  on  either  side.  These  axes  may  be  horizontal  or  inclined. 
Their  departure  from  the  horizontal  is  called  the  pitch  of 
the  axis  and  is  usually  but  a  few  degrees. 

The  anticlinal  folds  of  the  southern  Appalachians  are 
rarely  symmetrical  for  the  rocks  usually  dip  away  from  the 
axis  much  more  steeply  on  one  side  than  the  other.  The 
accompanying  section,  figure  5,  across  Lookout  mountain  and 
Wills  valley  to  Sand  mountain,  shows  the  typical  anticlinal 
and  synclinal  fold  of  this  region.  The  dotted  lines  repre- 
sent the  form  which  the  strata  would  have  if  all  the  rocks 
removed  by  erosion  were  restored ;  while  the  heavy  lines 
represent  beds  which  remain,  and  the  present  land  surface. 
5  and  A  indicate  the  positions  of  the  synclinal  and  anticli- 
nal axes. 

A 


Figure  5.  Section  through  Lookout  mountain,  Wills  valley  and  Sand 
mountain;  showing  the  normal  form  of  unsymmetrical  anticlinal 
foldviixh  steep  dips  on  the  north-western  side. 

It  is  to  be  observed  that  the  steeper  dips  are  along  the 
northwest  side  of  the  anticlinal  axis.  This  is  the  general 
rule  to  which  there  are  but  two  exceptions  within  the  map 
area.  These  exceptions  are  in  Bristows  cove,  at  the  head  of 
Murpbrees  valley,  and  at  Rising  Fawn,  at  the  head  of  Wills- 
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valley.  In  these  two  cases  the  steeper  dips  are  on  the  east 
side  of  the  anticlinal  axes.  The  latter  of  these  exceptions 
is  only  local,  and  the  anticlinal  assumes  its  normal  form  a 
few  miles  to  the  southward.  The  Murphrees  valley  anti- 
clinal, however,  has  the  steeper  dips  on  the  eastern  side  of 
the  axis  to  its  extreme  southern  end. 

Structure  of  the  Western  Division. — As  already  stated  in 
describing  the  topographic  features,  the  strata  west  of 
Browns  valley  are  practically  horizonal.  This  region  has, 
therefore,  the  simplest  possible  geologic  structure.  This  is 
shown  in  the  left  hand  portion  of  the  structure  section  which 
accompanies  the  map.  It  must  not  be  understood  that  the 
horizontality  is  absolute,  for  the  sediments  were  not  laid 
down  on  a  perfectly  level  surface,  and  the  lifting  to  their 
present  position  has  been  accompanied  by  slight  warping  of 
the  beds  and  a  general  tilting  to  the  southwest.  These  devi- 
ations from  the  horizontal,  however,  are  small  and  scarcely 

to  be  detected  except  by  following  the  same  bed  lor  a  long 
distance. 

Folds  of  the  Central  Division. — The  first  marked  disturb- 
ance of  the  rocks  met  with  in  coming  from  the  northwest 
along  the  line  of  the  structure  section  is  at  the  western  edge 
of  Browns  valley  where  the  strata  are  sharply  upturned  and 
in  some  places  broken  by  a  fault  which  will  be  described 
later.  Passing  Browns  valley  the  rocks  which  form  its  steep 
and  frequently  precipitous  eastern  border  are  found  to  dip 
from  5°  to  8°  to  the  southeast,  forming  the  western  edge  of 
the  Sand  mountain  synclinal.  This  escarpment  extends  in 
a  nearly  straight  line  across  the  map,  with  a  trend  of  N.  40° 
E.  Turning  10°  more  to  the  north  about  the  Tennessee  line, 
it  extends  for  sixty-five  miles  further  as  the  western  escarp- 
ment of  Waldens  ridge  facing  upon  the  Sequachee  valley. 
These  are  the  structural  continuations,  respectively,  of  Sind 
mountain  and  Browns  valley.  The  southwestern  extension 
of  this  escarpment  beyond  the  map  area  is  only  eight  or  ten 
miles  to  the  vicinity  of  Blountville,  where  it  loses  its  dis- 
tinctive character.  Its  entire  length  is  thus  about  150  miles. 
Tho  escarpment  is  not  continuous  throughout  this  distance 
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ior  numerous  streams  flowing  from  the  broad  top  of  Sand, 
mountain  havo  cut  canyons  back  some  distance  from  the 
edge,  forming  deep  notches  in  the  cliff  line. 

Throughout  the  greater  portion  of  the  map  area  Sand 
mountain  extends  as  a  single  broad  synclinal  but  in  both, 
the  southern  and  northern  portions  it  is  more  complicated. 
Thus  in  the  southwestern  corner  of  the  map  the  synclinal  is 
divided  into  two  distinct  synclinals  by  the  northern  end  of 
the  Murphree  valley  anticlinal.  This  latter  extends  seven- 
teen miles  from  the  edge  of  the  map,  where  it  disappears,, 
and  north  of  this  point  the  two  synclinals  merge  in  one.  Of 
these  two  synclinals  the  one  to  the  west  is  broad  and  shallow, 
while  that  to  the  east,  lying  between  Bristows  cove  and 
Greasy  cove,  is  narrow  and  the  strata  forming  its  sides  dip- 
steeply  toward  the  center.  The  latter  continues  southwest- 
ward  as  the  Blount  mountain  synclinal.  Instead  of  forming. 
a  flat  topped  mountain  as  is  ordinarily  the  case,  the  Coal- 
measure  sandstones  are  here  bent  down  to  the  valley  level 
in  the  center  of  the  synclinal,  while  along  its  edges  they 
form  high,  sharp,  monoclinal  ridges.  A  similar  break  in  the 
regularity  of  the  Sand  mountain  synclinal  occurs  where  it 
crosses  the  Georgia— Alabama  line.  The  relations  of  the  folds 
in  a  small  area  embracing  portions  of  Sand  and  Lookout 
mountains  with  the  adjacent  valleys  is  shown  in  figure  6. 
The  heavy  lines  extending  in  a  northeast  and  southwest  di 
rection  indicate  the  position  which  the  axes  of  the  folds  oc- 
cupy. The  arrows  show  the  direction  in  which  the  strata 
dip  and  the  lines  toward  which  they  point  are  synclinal 
axes,  while  those  away  from. which  they  point  are  anticlinal* 
axes. 
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Figure  6.  Outline  map  of  a  portion  of  the  region  between  Chattooga 
valley  and  Browns  valley;  showing  the  relation  of  syn clinal and 
anticlinal  axes.  Arrows  indicate  the  direction  in  which  the  strata 
dip.  B  B  indicates  the  position  of  the  Browns  valley  anticlinal 
axis;  S  S  Sand  Mountain  synclinal;  D  D  Deerhead  cove  anti- 
clinal; F  F  Fox  Mountaia  synclinal;  W  YV  Wills  valley  anti- 
clinal; L  L  Lookout  Mountain  synclinal;  M  M  McLamore6 
cove  anticlinal;  PP  Pigeon  Mountain  synclinal;  and  C  C  Chat- 
tooga valley  anticlinal  axes. 

The  Lookout  valley  anticlinal  D  D,  figure  6,  coming  in 
from  the  north  terminates  in  Deerhead  cove,  very  much  as 
Murphrees  valley  does  in  Bristows  cove.  It  divides  the 
Sand  mountain  synclinal  into  two,  a  very  broad  one  on  the 
west  and  a  narrow  one  on  the  east.  The  latter  forms  Fox 
mountain  just  west  of  Rising  Fawn.  The  axis  of  the  Fox 
mountain  synclinal,  F  F.  figure  6,  continues  toward  the 
northeast  as  the  axis  of  the  northern  part  of  Lookout  moun- 
tain, L  L  figure  6.  The  overlapping  ends  of  the  three  anti- 
clinals,  DD,  WW,  and  MM,  figure  6,  give  rise  at  this  point 
to  a  series  of  four  synclinals,  SS,  FF,  LL,  and  PP,  figure  6, 
arranged  in  a  zigzag  fashion  like  the  letter  W-  The  struc- 
ture section,  figure  7,  further  illustrates  the  relation  of  the 
folds  along  the  dotted  line  in  figure  6,  at  right  angles  with 


FOLDS   OP  THE  CENTRAL  DIVISION. 


hi 

c2  - 

-■gs 

*.» 

III 


i  a-a" 

'"a 


38  GEOLOGICAL   8URVEY   OF   ALABAMA. 

the  axes.  The  position  of  the  latter  are  indicated  by  the 
same  letters  used  for  corresponding  axes  in  figure  6.  The 
section  shows  the  three  overlapping  anticlinals  as 
described  above  and  the  four  resulting  synclinals  which 
form  Sand,  Fox,  Lookout  and  Pigeon  mountains,  lettered 
respectively  S,  F,  L  and  P. 

The  narrow  Fox  mountain  synclinal  between  Johnsons 
Crook  and  Deerhead  cove  has  been  cut  through  by  the  waters 
of  Lookout  creek,  so  that  Wills  and  Lookout  valleys  appear 
to  be  continuous,  but  structurally  they  are  entirely  distinct. 

Lookout  mountain  lies  almost  wholly  within  the  map  area, 
terminating  about;  a  mile  north  of  its  northern  limit.  Its 
southern  end  is  cut  sharply  off  by  a  fault  running  from 
Gadsden  to  Attalla.  At  this  point  the  synclinal  is  suffi- 
ciently deep  to  bring  the  Walden  sandstone  down  to  the 
level  of  the  Coosa  valley.  The  strata  in  the  upturned  edges 
of  the  synclinal  form  high  ridges,  steep  on  the  outer  side 
and  sloping  gently  within  toward  the  center.  The  axis  rises 
gradually  toward  the  north  and  the  dips  becoming  less  steep 
the  two  ridges  coalesce  and  form  the  level  topped  mountain 
which  is  its  prevailing  character  throughout  the  greater  part 
of  its  length.  From  the  southern  end,  the  synclinal  gradu- 
ally increases  in  width  toward  the  north  from  about  two 
miles,  at  Gadsden,  to  nine,  where  it  crosses  the  Alabama- 
■Georgia  line.  At  this  point  the  synclinal  is  divided  into 
two  by  the  anticlinal  of  McLamores  cove ;  the  eastern  axis, 
-continuing  in  line  with  the  southern  part  of  the  mountain, 
runs  through  Pigeon  mountain,  while  the  western,  bending 
slightly  toward  the  north  unites  with  the  axis  of  the  Fox 
mountain  synclinal  and  forms  the  northern  end  of  the  moun- 
tain which  terminates  abruptly  in  Lookout  point  just  south 
of  Chattanooga. 

Folds  of  the  Eastern  Division. — Between  Lookout  moun- 
tain and  the  Oo9tanaula-Coosa  river  a  number  of  synclinals 
and  anticlinals  occur.  They  are  less  regular  than  those  al- 
ready described  and  the  folds  are  more  closely  crowded  to- 
gether.     Along  the  western  side  of  the  anticlinal  axis  the 
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strata  are  frequently  overturned  and  faulting  is  a  much  more 
important  factor  than  in  the  central  division. 

The  rocks  which  here  resist  erosion  and  so  form  the  high 
ridges  are  no  longer  the  Walden  and  Lookout  sandstones, 
but  belong  to  the  Rockwood  formation  in  which,  as  already 
described,  the  proportion  of  sandstone  to  shale  and  limestone 
increases  rapidly  toward  the  southeast. 

First  north  of  the  Coosa  river  are  the  Dirt  Seller  moun- 
tain and  Gaylors  ridge.  These  are  both  synclinals  terminat- 
ing in  abrupt  spoon-shaped  points  toward  the  north.  From 
these  high  points  the  sides  of  the  synclinals  diverge  toward 
the  southwest,  the  axes  pitching  down  in  that  direction.  On 
the  south  they  are  sheared  off  by  faults  which  cut  across  at 
angles  from  45°  to  60°  with  their  axes.  In  each  case  a  tri- 
angular area  is  thus  included  by  the  two  arms  of  the  syncli- 
nal and  the  fault. 

East  ot  the  Chattooga  valley  lies  Taylors  ridge  extending 

a  long  distance  northward  into  Tennessee,  where  it  is  called 
White  Oak  mountain.  This  ridge,  so  remarkable  for  its  uni- 
formity in  elevation  and  trend,  forms  the  western  side  of  a 
synclinal  whose  eastern  edge  is  very  irregular  and  in  many 
places  entirely  absent  by  reason  of  faulting. 

This  synclinal  is  not  a  smooth,  regular  trough  like  those 
already  described  but  is  broken  up  into  a  number  of  small 
basins  by  anticlinal  folds  which  cross  from  one  side  to  the 
other.  Thus  Dirt  Town  valley  and  West  Armuchee  valley 
are  separated  by  a  ridge  transverse  to  the  main  synclinal 
axis.  In  the  gap  cut  through  the  ridge  by  RufF  creek,  its 
anticlinal  character  is  perfeclly  sjiown.  A  similar  trans- 
verse anticlinal  separates  Houston  valley  from  the  northern 
portion  of  the  synclinal.  Dirt  Town  valley  and  Texas  val- 
ley may  be  regarded  as  parts  of  the  same  synclinal,  separated 
as  described  above  by  a  transverse  anticlinal.  In  this  case, 
however,  the  anticlinal  has  been  lifted  higher  and  a  valley 
eroded  for  some  distance  along  its  axis.  Thus  it  is  similar 
to  the  other  cases,  but  carried  to  a  further  stage  of  develop- 
ment. This  transverse  amiclinal  forms  Simms  mountain 
but  does  not  pass   entirely   across  the  synclinal  as  in  the 


60  GEOLOGICAL   SURVEY   OF   ALABAMA. 

other  cases,  the  axis  pitching  down  and  dying  out  before 
reaching  the  eastern  side.  In  a  similar  manner  the  axes  of 
Lavender  mountain  coming  from  the  southwest  and  Johns 
mbuntain  from  the  north,  pitch  down  and  carry  the  ridge- 
making  sandstones  below  the  valley  level.  There  is  thus 
formed  a  natural  gateway  for  the  passage  of  the  streams 
draining  the  interior  of  the  synclinal  basins  and  through 
this  flows  Armuchee  creek. 

East  of  the  above  described  synclinal  is  a  series  of  four 
overlapping  ridges,  each  one  advancing  a  few  miles  further 
to  the  northward  than  its  western  neighboi.  They  are 
formed  by  the  zigzag  outcrop  of  a  fluted  surface,  the  axes 
of  whose  folds  pitch  toward  the  south.  The  northern  ends 
of  the  ridges  are  all  synclinal,  though  by  the  lesser  promi- 
nence of  the  eastern  sides  of  the  synclinals  they  appear  to 
be  monoclinals  dipping  to  the  southeast.  Thus  the  western 
side  of  a  synclinal  and  its  continuation  south  as  the  eastern 
side  of  an  anticlinal  forms  Johns  mountain.  Horn  moun- 
tain has  the  same  structure,  except  that  it  terminates  to  the 
south  in  two  anticlinals.  Mill  creek  and  Chattoogata  moun- 
tains are  but  repetitions  of  the  structure  seen  in  the  others. 

Excepting  the  region  about  Weisner  and  Indian  moun- 
tains the  structure  southeast  of  the  Gjstanaula-Coosa  river 
is  comparatively  simple.  The  greater  part  of  this  area  is 
occupied  by  a  broad  gently  undulating  synclinal  composed 
chiefly  of  Knox  dolomite.  Radiating  from  Rome  with  a  fan- 
like arrangement  a  number  of  minor  folds  along  the  western 
edge  bring  the  underlying  Cambrian  shales  to  the  surface. 
The  axis  of  this  broad  synclinal  pitches  gently  to  the  south- 
east and  in  the  corner  of  the  map  the  rocks  appear  which 
overlie  the  dolomite,  namely,  Chickamiuga  limestone  and 
Rockmart  slate.  This  synclinal  extends  only  a  few  miles 
east  and  south  of  the  limits  of  the  map  to  a  fault  which 
marks  its  contact  with  the  semi-metamorphic  rocks.  The 
Knox  dolomite  in  this  region  is  extremely  massive  and  the 
force  which  in  other  places  compressed  the  strata  into  close 

folds  here  produced  only  gentle  undulations. 

A  small  area  in  the  vicinity  of  Weisner  and  Indian  mouu- 
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tains  shows  greater  complexity  of  structure  than  any  other 
portions  of  the  map  area.  The  complexity,  however,  is  pro- 
duced rather  by  faulting  than  folding,  and  the  region  will 
be  described  later. 

Faults. 

Definition  and  Classification  of  Faults. — In  most  regions 
where  the  strata  are  elevated  to  any  considerable  extent 
above  the  position  in  which  they  were  originally  deposited, 
the  process  of  elevation  has  been  accompanied  by  more  or 
less  fracture.  Such  fractures  are  called  faults  when  the 
rocks  have  slipped  past  each  other  on  opposite  sides,  and 
the  plane  on  which  the  slipping  takes  place  is  called  the  fault 
plane.  The  angle  at  which  a  fault  plane  intersects  the  vertical 
is  called  the  hade,  and  the  amount  of  vertical  displacement 
which  any  bed  suffers  is  the  throw  of  the  fault.  In  regions 
whice  have  simply  been  elevated  without  lateral  compres- 
sion, faults,  almost  without  exception,  hade  to  the  down- 
throw; that  is,  the  fault  plane  dips  under  the  rocks  which 
have  been  relatively  depressed.  This  is  usually  called  the 
normal  fault.  Tha  accompanying  ideal  section,  figure  8, 
illustrates  the  simplest  form  of  the  normal  fault.  The 
arrows  indicate  the  direction  in  which  the  strata  on  opposite 
sides  of  the  fracture  have  been  moved,  and  the  line,  FF, 
which  indicates  the  position  of  the  fault  plane,  dips  under 
the  rocks  which  have  been  depressed.      It  will  be  seen  by 


Figure  8.  Ideal  section  through  flat  strata;  showing  the  character  of 
normal  faults.  The  fault  plane  F  F  dips  under  the  strata  which 
have  been  relatively  depressed. 

consideration  of  the  section  that  the  lateral  extent  of  the 
rocks  is  greater  after  than  before  the  faulting,  and  hence  we 
should  not  expect  to  find  this  taking  place  as  the  result  of 
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lateral  compression,  the  effect  of  which  is  to  crowd  the  rocks 
into  smaller  space  than  they  originally  occupied. 

In  describing  the  Appalachian  Jfolds  it  was  Shown  that 
they  are  usually  u asymmetrical,  the  dips  being  steeper  on 
one  side  than  on  the  other.  In  the  formation  of  such  a  fold, 
when  the  rocks  on  the  steeper  side  of  the  anticlinal  become 
nearly  vertical,  a  plane  of  weakness  is  developed  along  which 
fracture  is  especially  liable  to  occur.  This  plane  cuts 
across  the  strata  on  the  steeper  side  of  the  anticlinal  and  is 
inclined  so  as  to  be  nearly  parallel  with  the  gentler  dips  on 
the  other.  If  the  lateral  compression  which  produced  the 
fold  is  continued,  a  break  may  occur  along  this  plane  of 
weakness.  Such  a  break  is  called  a  thrust  faulty  and  is 
peculiar  to  compressed  regions  like  the  one  under  discussion. 
The  hade  of  such  a  fault  is  always  toward  the  up-throw;  that 
is,  the  fault  plane,  T  T,  figure  9,  dips  under  the  rocks  which 


Figure  9.  Ideal  section  through  folded  strata;  showing  the  character  of 
thrust  faults.  The  fault  plane  T  T  dips  under  the  strata  which 
have  been  relatively  elevated.    • 

have  been  relatively  elevated.  Hence,  the  lateral  extent  of 
the  strata  is  less  after  than  before  the  faulting.  These 
thrust  faults  always  occur  on  the  steep  side  of  the  anticlinal 
and  since  this  is  generally  on  the  west  side,  so  most  of  the 
faults  of  this  region  are  on  the  west  side  of  anticlinals  and 
the  east  side  of  synclinals. 

Thrust  faults  may  be  classed,  for  convenience  of  descrip- 
tion, in  two  groups  according  to  the  angle  of  hade;  (1)  those 
in  which  the  fault  plane  makes  an  angle  of  less  than  45° 
with  the  vertical,  and  (2)  those  in  which  it  approaches  the 
horizontal.  The  first  group  in  which  the  fault  plane  is  rather 
steep  comprises  the  larger  number  but  the  same  fault,  in 
different  portions  may  belong  to  both.     There  is  no  essential 
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difference  between  the  two,  both  being  produced  by  the  same 
forces  acting  under  slightly  different  conditions. 

The  over  thrust  or  displacement  is  the  distance  between 
the  broken  edges  of  any  stratum  on  opposite  sides  of  the 
lault  plane  or  the  distance  through  which  the  rocks  have 
been  pushed  on  the  fault  plane.  It  may  be  slight,  only  suffi- 
cient to  conceal  a  few  beds  of  rock,  or  it  may  be  very  great,  so 
as  to  completely  obliterate  the  steep  side  of  the  contiguous 
synclinal  and  anticlinal,  and  leave  the  gentler  dipping  sides  of 
two  anticlinals  resting  conformably  one  upon  the  other. 
The  greatest  displacement  is  found  in  faults  which  have  their 
fault  planes  nearly  or  quite  horizontal.  Iq  these  the  dis- 
placement is  sometimes  several  miles. 

The  stratigraphic  displacement  is  measured  by  the  thick- 
ness of  the  strata  which  normally  occur  between  beds 
brought  by  the  fault  into  contact  at  the  surface.  For  ex- 
ample, if  a  fault  should  bring  the  base  of  the  Knox  dolomite 
in  contact  with  the  top  of  the  Chickamauga  Jimestone  the 
stratigraphic  displacement  would  be  equal  to  the  combined 
thickness  of  Knox  and  Chickamauga  or  about  4,700  feet. 
Like  the  overthrust,  this  stratigraphic  displacement  is 
variable  in  amount.  In  some  cases  it  involves  only  part  of 
a  single  formation,  and  in  others  where  the  oldest  and 
youngest  formations  are  in  contact  it  is  measured  by  the 
combined  thickness  of  the  whole  stratigraphic  column, 
amounting  to  many  thousand  feet. 

Wills  Valley  Faults. — Some  excellent  examples  of  thrust 

faults  are  found  in  Wills  valley  and  one  of  the  most  typical 

will  be  described  in  detail.     Wills  valley  has  already  been 

described  as  a  long,  narrow,  deeply  eroded  anticlinal  lying 

between  the  broad,  shallow  synclinals  which  form  Sand  and 

Lookout  mountains.     Except  for  a  short  distance  at  its 

northern  end  it  has  the  normal  form  of  an  unsymmetrical 

arch  with  the  steep  side  to  the  northwest.     The  dips  are 

from  10°  to  18°  on  the  southeast  and  75°  to  90°  on  the 

northwest  sides  of  the  arch.     At  various  points  along  the 

western  side  of  this  normal  anticlinal  are  found  thrust  faults 
of  greater  or  less  extent. 
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It  may  be  well  to  indicate  briefly  how  the  presence  of  a 
fault  is  determined  in  the  field.  It  must  not  be  imagined 
that  where  the  strata  have  been  thrust  up  hundreds  or 
thousands  of  feet  on  one  side  of  a  fracture,  the  surface  re- 
mains higher  than  on  the  side  where  they  have  been  rela- 
tively depressed  an  equal  amount.  Erosion  has  planed 
down  the  surface  60  that  all  the  inequality  produced  by 
faulting  ie  obliterated.  Indeed,  it  is  not  probable  that  the 
difference  in  elevation  on  opposite  sides  of  the  fault  line  was 
at  any  time  very  great.  The  probability  is  rather  that  the 
process  was  so  extremely  slow,  consisting  of  so  many  small 
slips  distributed  over  so  long  a  time,  that  erosion  kept  pace 
with  elevation  and  the  two  processes  balanced  each  other. 
Nor  is  it  often  possible  to  detect  the  plane  on  which  the 
slipping  took  place,  although  it  may  sometimes  be  seen, 
especially  when  the  displacement  is  slight.  The  ordinary 
evidence  of  a  thrust  fault  is  the  finding  of  formations  in  con- 
tact which  are  normally  separated  by  a  greater  or  less  thick- 
ness of  intervening  strata.  Hence  a  fault  is  more  marked 
the  greater  its  stratigraphic  displacement  since  more  widely 
separated  formations  are  thus  brought  in  contact  at  the 

surface. 
Thus,  to  return  to  Wills  valley,  there  is  a  regular  sequence 

in  the  formations  and  topographic  features  in  passing  from 
the  center  to  either  side  wherever  the  anticlinal  holds  its 
normal  form  undisturbed  by  a  fault  This  sequence  is  the 
same  on  both  sides  of  the  axis.  The  center  of  the  valley  is 
occupied  by  a  strip  of  Knox  dolomite  forming  low  rounded 
hills  composed  of  chert  and  residual  clay.  Oa  either  side 
of  this  central  dolomite  belt  is  a  strip  of  Chickamauga  lime- 
stone forming  a  narrow  valley.  The  Rock  wood  formation, 
the  Chattanooga  black  shale  and  the  Fort  Payne  chert  next 
form  a  pair  of  ridges.  Outside  these  ridges  the  Floyd  shales 
and  the  lower  portion  of  the  Bangor  limestone  determine 
valleys;  and  finally  are  the  opposing  cliffs  of  Lookout 
sandstone.  The  order  in  which  the  formations  occur  is 
identical  in  passing  either  way  from  the  central  belt  of 
dolomite.     But  the  topography  is  not  precisely  symmetrical 
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since  the  strip3  of  each  formation  are  narrower  on  the  west 
side  of  the  axis  than  on  the  east,  for  a  given  thickness  of 
rocks  occupies  a  narrower  space  at  the  surface  with  steep 
than  with  gentle  dips,  and  so  the  want  of  symmetry  in  the 
fold  produces  a  corresponding  want  of  symmetry  in  the  sur- 
face distribution  of  the  several  formations.  It  is  found, 
however,  at  certain  points,  as  at  Sheffield  Gap  on  the  line  of 
the  Coosa  and  Tennessoe  railroad,  that  while  this  regular 
sequence  holds  for  the  eastern  side  of  the  valley  it  does  not 
for  the  western.  One  or  more  of  the  formations  disappear 
for  a  short  distance  so  that  the  outcrops  of  the  overlying  and 
underlying  formations  come  in  contact.  There  is  no  in- 
variable rule  as  to  the  order  in  which  the  formations  disap- 
pear, though  it  is  most  common  to  find  the  dolomite  en- 
croaching upon  the  higher  formations  and  successively  over- 
lapping them  from  the  lowest  up.  First  the  valley  of 
Ohickamauga  limestone  disappears,  the  dolomite  coming  in 
contact  with  the  Kockwood  shale  ridge.  Next,  the  ridge 
disappears,  then  the  valley  back  of  it,  and  finally  the  dolo- 
mite is  found  thrust  against  the  upturned  edge  of  the  Look- 
out sandstone.  An  inspection  of  the  following  sections  will 
show  the  relation  between  the  thrust  fault  and  the  suc- 
cessive disappearance  at  the  surface  of  the  several  forma- 
tions. Figure  10  is  a  section  through  the  anticlinal,  show- 
ing its  normal  form.  In  this  the  sequence  of  formations  on 
either  side  of  the  axis  is  the  sune.  Figure  11  represents 
the  anticlinal  fold  at  a  point  where  the  fault  has  begun  and 
the  thrust  is  sufficient  to  hide  only  a  single  formation.  The 
dolomite  rests  upon  the  broken  edges  of  the  Ohickamauga 
limestone  and  at  the  surface  comes  in  contact  with  the  next 
higher  formation,  the  Rockwood  shale.  The  next  section, 
figure  12,  shows  the  same  fault  at  a  poiut  where  it  has  at- 
tained its  maximum  displacement.  The  dolomite  here  over- 
places  and  hides  all  the  formations  below  the  Lookout  sand- 
stone against  the  upturned  edge  of  which  it  is  seen  to  lie. 
3 
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Figure  10.     Section  across  Wills  valley  near  Fort  Payne;  showing  the 
normal  unsymmctrical  anticlinal  fold. 


Figure  11.  Section  across  Wills  valley  three  miles  north-east  of  Col- 
linsville;  showing  a  thrust  fault  by  which  the  Chickamauga 
limestone  Sc  on  the  western  side  of  the  valley  is  concealed. 


Figure  12.  Section  across  Wills  valley  three  miles  south  we6t  of  Collins- 
ville;  showing  a  thrust  fault  by  which  all  formations  between 
the  Knox  dolomite  Sk  and  the  Lookout  sandstone  CI  on  the  western 
side  of  the  valley  are  concealed. 

Since  the  fault  plane  is  not  exactly  parallel  with  the  axis 
of  the  anticlinal  its  relation  to  the  beds  is  variable  and  it 
may  cut  them  so  that  the  Chickamauga  limes  tone  #or  the 
Rockwood  shale  may  be  the  formation  which  shall  overlap 
the  higher  ones.  Thus,  at  Rodentown,  the  Chickamauga  is 
thrust  over  upon  the  Lookout  sandstone,  overlapping  the 
Rockwood  shale,  the  Fort  Payne  chert,  and  the  Bangor 
limestone.  And  at  Belcher  Gap  the  Rockwood  shale  over- 
laps the  Fort  Payne  chert  and  the  greater  part  of  the  Bangor 
limestone. 
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An  understanding  of  these  faults  is  of  the  highest,  im- 
portance to  the  prospector  since  to  them  ia  due  the  occa- 
sional complete  disappearance  of  the  iron  bearing  Rockwood 
formation  in  this  and  similar  valleys  of  northern  Alabama. 

The  faults  which  occur  at  intervals  along  the  western  side 
of  Wills  valley  have  most  of  the  essential  characteristic  of 
the  southern  Appalachian  thrust  faults,  but  they  are  insig- 
nificant in  extent  and  in  the  amount  of  displacement,  com- 
pared with  those  further  east. 

Taylort  Ridge  Fault. — The  synclinal  of  which  Taylors 
ridge  forms  the  western  edge  is  cut  off  by  a  fau't  along 
Dearly  the  whole  of  its  eastern  side.  Portions  of  the  eastern 
limb  of  the  synclinal  remain,  but  in  these  the  rocks  are 
verticalor  slightly  overturned.  From  Woods  gap  northward 
the  fault  is  continuous,  bringing  the  Cambrian  at  different 
points  against  each  of  the  overlying  formations  up  to  the 
Carboniferous.  Only  the  southern  end  of  this  fault  is  within 
the  map  area,  but  it  extends  toward  the  northeast  entirely 
across  Tennessee  and  well  into  Virginia,  a  total  distance  of 
about  three  hundred  miles. 

Rome  Thrust  Fault. — Another  fault  extends  two  hundred 
miles  to  (he  northeast,  parallel  with  that  above  described. 
It  enter3  the  tn  lp  area  near  its  northeast  corner,  and  follows 
along  the  east  base  of  the  Rocky  Face  and  Chattoogata 
mountains,  shearing  off  the  eastern  side  of  those  synclinals 
and  bringing  the  Cambrian  against  the  upper  Silurian  and 
Carboniferous  rocks.     A  section,  figure  13,  through  Chat- 


Figure  13.  Section  through  Chattoogata  mountain  four  miles  south  of 
Buzzard  Roost  gap;  showing  the  position  of  the  Rome  limit  fault 
indicated  bv  the  line  T  T. 
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to:>gita  mountain  four  miles  south  of  Buzzard  Roost  gap, 
shows  tlie  nature  of  the  fault  at  this  point.  While  the 
hade  of  the  fault  as  indicated  in  the  section  is  hypo- 
thetical, being  placed  at  45°,  there  is  a  fair  degree  of 
probability  that  this  represents  its  actual  position.  A  con- 
sideration of  the  mechanism  of  the  thrust  fault  indicates  at 
lea*t  that  this  is  the  position  of  a  plane  on  which  there  is 
the  greatest  liability  for  fracture  to  take  place,  and  that  the 
fault  plane  must  have  nearly  the  same  dip  as  the  strata  in 
the  unbroken  limbs  of  adj  oining  anticlinals.  Also,  if  the 
fault  plane  were  vertical  its  trace  upon  the  surface  would 
not  be  influenced  by  elevations  and  depressions,  but  would 
be  approximately  straight.  On  th  e  other  band,  if  the  thrust 
plane  approached  the  horizontal  its  outcrop  at  the  surface 
would  be  rendered  extremely  devious  by  these  surface  in- 
equalities. Hence  the  hade  of  a  fault  may  be  determined, 
within  certain  limits,  by  its  line  of  outcrop  when  platted 
upon  the  map. 

The  fault  above  described  as  following  the  eastern  base  of 
Ohattoogata  mountain  extends  a  long  distance  to  the  south- 
westward,  but  with  a  decided  change  in  character  which 
places  it  in  the  second  group.  In  theie  the  plane  on  which 
the  motion  took  place  approaches  nearly  or  quite  to  the 
horizontal.  This  remarkable  fau  It  has  already  been  some- 
what fully  described  by  the  writer  under  the  name  of  the 
"Rome  thrust  fault/'* 

From  the  southern  end  of  Cbattoogata  mountain  to  Coosa- 
ville  the  stratigraphic  displacement  is  sufficient  to  bring  Cam- 
brian in  contact  with  Carboniferous  rocks.  The  contact  is 
marked  by  no  topographic  feauture  and  the  discrimination 
of  the  two  shale  formations  is  at  first  difficult.  Careful 
search,  however,  always  reveals  the  presence  of  Cambrian 
fossils  in  the  Coosa,  while  the  presence  of  more  or  less  car- 
bonaceous matter  serves  to  distinguish  the  Floyd  shale. 
Occasional  beds  of  highly  fossiliferous  limestone  in  the  latter 
remove  all  doubt  as  to  its  Carboniferous  age.    The  line  of 

*The  overt h rust  Faults  of  the  Southern  Appalachians.  Bull.  Geol. 
Soc.  Amer.  Vol.  II.,  1891,  p.  141. 
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contact  between  the  Ooosa  and  Floyd  shales  is  extremely 
irregular,  but  it  has  been  traced  with  considerable  care  and 
accurately  located  at  a  large  number  of  pointn.  All  along 
this  irregular  line  the  Floyd  shale  everywhere  passes  under 
the  Ooosa,  so  that  the  long  arms  of  Ooosa  which  extend 
westward  from  the  main  body  of  the  formation  undoubtedly 
rest  up  >n  the  Floyd,  and  a  consideration  of  the  relation  which 
they  sustain  to  the  structure  of  the  underlying  strata  ex- 
plains their  peculiar  distribution.  The  structure  of  the 
region  lying  immediately  weBt  of  the  fault  line  between 
Taylors  ridge  and  the  Oostauaula  river  has  already  been 
very  briefly  described.  The  strata  have  been  thrown  into  a 
number  of  folds  so  as  to  form  an  irregular  corrugated  sur- 
face with  a  genercl  pitch  toward  the  boutheast.  The  antic- 
linal axes  north  of  Armuchee  creek,  for  a  short  distance  at 
least,  trend  northwest  and  southeast  while  those  to  the  south 
trend  northeast  and  southwest.  Among  the  anticlinals  be- 
longing to  the  northern  group  are  Chattoogata  mountain, 
Sugar  ridge,  Eist  and  West.  Horn  mountains,  and  Johns 
mountain;  the  axes  of  which  all  pitch  toward  the  southeast. 
In  the  southern  group  are  Lavender  mountain,  Beech  creek, 
and  Qorseleg  mountain  anticlinals,  with  axes  pitching  toward 
the  northeast.  Ridges  are  formed  wherever  these  anticlinals 
bring  hard  beds,  as  the  Fort  Payne  chert  and  Rojkwood, 
above  the  level  of  the  Coosa  river,  but  where  only  the  soft 
Floyd  shales  reach  this  level  they  are  planed  down  to  a 
smooth  surface  and  give  no  indication  by  elevations  of  the 
folds  which  are  present.  Thus  the  Horseleg  anticlinal 
brings  the  hard  beds  far  enough  above  the  river  to  produce 
a  prominent  ridge  while  the  Beech  creek  anticlinal  lying  to 

the  west  is  not  marked  by  any  considerable  surface  eleva- 
tion. 

Returning  now  to  the  distribution  of  the  Coosa  shales  an 
inspection  of  the  map  shows  that  to  the  eastward  of  Laven- 
der and  Johns  mountains  each  synclinal  trough  bears  an 
arm  of  Ooosa  in  its  lowest  part.  Thus  the  narrow  synclinal 
lying  between  the  Horseleg  and  Beech  creek  anticlinals 
holds  a  long  narrow  strip  of  Ooosa  shales,  while  a  broader 
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belt  occupies  the  synclinal  between  Beech  creek  and  Laven- 
der anticlinals.  In  short  the  distribution  of  the  rocks  over 
this  considerable  area  suggests  almost  perfect  stratigraphic 
conformity  between  middle  Cambrian  and  middle  Carbonif- 
erous, the  Cambrian  being  on  top.  The  accompanying  sec- 
tion, figure  14,  from  Rome  northwestward  to  Texas  valley, 
will  serve  to  show  more  fully  the  relations  which  the  Cam- 
brian and  Carboniferous  rocks  bear  to  each  other.  Begin- 
ning with  the  Knox  dolomite  east  of  the  city  and  passing 
toward  the  northwest  the  formations  underlying  the  dolomite 
are  passed,  the  Connasauga  shale,  Rome  sandstone,  and 
Coosa  shale,  all  dipping  to  the  southeastward.  But  after 
passing  a  narrow  strip  of  Coosa  the  Floyd  shale  is  found 
dipping  also  to  the  southeastward,  apparently  conformable 
with  the  Cambrian  and  Silurian  formations  above.  On  the 
western  side  of  the  Horseleg  mountain  anticlinal  the  Floyd 
dips  toward  the  northwest  passing  under  a  narrow  area  of 
Coosa  which  occupies  the  synclinal  trough  between  Horse- 
leg  mountain  and  Beech  creek  anticlinals.  Beyond  the 
latter  the  Floyd  dips  again  toward  the  northwest  passing 
beneath  a  second  and  broader  arm  of  Coosa  which  lies  in 
the  synclinal  between  the  Beech  creek  and  Lavender  moun- 
tain anticlinals. 

The  present  relation  of  these  formations  is  manifestly  the 
result  of  a  fault  by  which  the  older  beds  were  thrust  over 
from  the  east  upon  the  younger  on  a  plane  which  coincides 
approximately  with  the  bedding.  This  thrust  plane  is  repre- 
sented in  the  section,  figure  14,  by  the  heavy  broken  line 
TT.  It  is  not  a  plane  surface  as  it  probably  was  originally, 
but  since  the  faulting  it  has  been  thrown  into  a  series  of 
gentle  folds.  The  greater  part  of  the  overthrust  strata  have 
been  removed  by  erosion*  which  has  reduced  the  surface  of 
both  Cambrian  and  Carboniferous  shales  to  the  base  level  of 
Coosa  river.  Their  line  of  contract  as  shown  on  the  map  is 
therefore  the  intersection  of  an  undulating  thrust  plane  with 
the  horizontal  base  level  plane.  Wherever  the  folding  sub- 
sequent to  the  displacement  has  brought  the  thrust  plane 
below  the  present  base  level,  that  is  in  the  synclinals,  there 


ROME   THRD8T   FAULTS. 


Sjfc 


it  l 

8JS- 


sis 

Hi 


72  GEOLOGICAL  SURVEY  OF  ALABAMA. 

the  overthrust  rocks  remain,  while  those  at  higher  levels 
upon  the  anticlinals  have  been  entirely  removed.  If  the 
surface  of  the  Ooosa  valley  were  lowered  only  a  few  hundred 
feet  it  is  probable  that  all  the  Oambrian  shales  would  be  re- 
moved from  the  shallow  synclinals  in  which  they  lie. 

The  distance  through  which  the  older  strUa  have  been 
moved  westward  over  th-3  younger  by  this  thrust  fault  is  be- 
tween four  and  five  miles  and  there  U  reason  to  believe  that 
the  Cambrian  rocks  once  extended  several  miles  further 
westward  than  they  are  at  present  found. 

West  of  Ooosaville  the  fault  continues  to  Round  mountain 
with  much  the  same  character  except  that  the  northwest- 
ward prolongations  of  the  Cambrian  shale  are  not  so  exten- 
sive as  those  above  described.  The  reason  for  this  is  that 
the  axes  of  the  folds  north  of  the  fault  pitch  toward  the 
southeast  very  rapidly  and  hence  do  not  afford  extended 
shallow  synclinals  in  which  the  Coosa  shales  might  remain 
protected  from  erosion. 

Between  Coosaville  and  the  Alabama  line  one  small  area 
of  Coosa  shale  occurs  wholly  isolated  from  the  main  body 
and  lying  upon  beds  which  occur  near  the  top  of  the  Knox 
dolomite.  In  this  case  it  is  evident  that  the  connecting 
shales  have  been  removed  by  erosion  leaving  this  small  area 
protected  by  its  pDsition  in  a  basin  of  Kxox  dolomite  below 
the  level  of  Coosa  river. 

From  Round  mountain  southwest  to  Gadsden  the  fault 

line  follows  approximately  parallel  with  the  eastern  edge  of 

Lookout  mountain.     Since   the  intersection  of  the   thrust 

plane  with  the  present  land  surface  is  nearly  a  straight  line, 

a  comparatively  steep  hade  for  this   portion  of  the  fault 

might  be  inferred,  but  that  it  is  even  here  a  broad  overthrust 

is  shown  by  the  presence,  five  miles  ea9t  of  Gadsden,  of  a 

small  area  of  Knox  dolomite.     This  isolated  area  is  whoHy 

surrounded  by  Cambrian  shale  which  appears  to  have  been 

thrust  over  the   dolomite  from    the   eastward.  ^Afterwards 

the  overthrust  Coosa  was  eroded  through  at  this  point  down 
to  the  rocks  lying  below  the  thrust  plane.  The  continua- 
tion of  the  Rome  fault  southward  beyond  Gadsden  has  not 
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been  studied  in  detail.  It  is  probably  replaced  by  several 
faults  of  the  east  Tennessee  type  which  shear  off  the  eastern 
sides  of  the  Oahaba  and  Coosa  Coal  fields  as  shown  by  Squire 
and  McCalley. 

With  the  exception  of  the  Rome  thrust  fault  all  that  have 
thus  far  been  considered  are  in  a  general  way  parallel  to  the 
strike  of  the  rocks.  The  faults  with  steep  hade  seldom  cut 
across  the  beds,  or  when  they  do  it  is  only  for  a  short  dis- 
tance and  at  a  very  slight  angle  with  the  strike.  They  may 
be  termed  strike  faults.  This  parallelism  between  the  lines 
of  fracture  and  the  anticlinal  axes  permits  the  former  to  ex- 
tend for  long  distances  as  above  described,  with  a  constant 
relation  to  the  same  folds. 

Transverse  Faults. — An  inspection  of  the  map  will  show 
that  on  a  line  between  Rome  and  Atalla  there  is  a  sudden 
transition  in  structure.  The  structural  axes,  which  on  the 
*  north  of  this  line  trend  north  10°  to  30°  east,  are  abruptly 
terminated  by  an  axis  running  nearly  east  and  west.  This 
sudden  change  in  direction  of  strike  gives  rise  along  this 
line  to  a  series  of  transverse  faults  as  rare  as  the  peculiar 
conditions  by  which  they  are  produced.  The  three  faults 
which  come  under  this  class  are  those  terminating  the 
Gaylors  ridge,  Dirt  Sailer  mountain  and  Lookout  mountain 
synclinals.  In  every  case  the  northern  ends  are  strike 
faults  of  greater  or  less  extent  along  the  east  side  of  the 
synclinals.  Approaching  the  Coosa  valley  which  marks  the 
east  and  west  axis  above  mentioned,  they  abruptly  change 
their  course,  swinging  sharply  around  to  the  west.  After 
crossing  the  synclinal  they  die  out  in  the  anticlinal  beyond. 
The  faults  terminating  both  Gaylors  and  Dirt  Seller  syn- 
clinals pass  beneath  the  plane  of  the  Rome  thrust  for  short 
distances.  It  seems  probable  that  in  this  region  consider- 
able folding,  faulting  and  erosion  was  accomplished  before 
this  thrust  and  thit  the  present  complicated  relations  of  the 
strata  were  produced  by  at  least  two  periods  of  intense  com- 
pression separated  by  a  period  of  comparative  rest. 
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The  most  remarkable  of  these  transvere  faults  is  the  one 
which  terminates  the  Lookout  mountain  synclinal.  Between 
Oadsden  and  Atalla  the  east  and  west  axis  turns  sharply  to- 
ward the  southwest,  continuing  down  Oanoe  Greek  valley. 
It  thus  results  that  the  Canoe  creek  anticlinal  and  the  Look- 
out synclinal  come  together,  end  to  end.  Such  a  relation 
between  a  downward  bending  trough  and  an  upward  bend- 
ing arch  necessitates  an  enormous  shear  where  the  two  come 
together.  And  this  is  exactly  what  has  taken  place  along 
the  line  between  Gadsden  and  Atalla.  The  friction  of  the 
strata  in  slipping  past  each  other  has  bent  their  edges  at  an 
abrupt  angle  near  the  fault  plane ;  the  Lookout  sandstone 
on  the  side  which  went  down  is  turned  up  into  a  vertical 
position  and  forms  a  distinct  ridge  along  the  northern  side 
ot  the  fault  line.  In  contact  with  this  on  the  south  are  the 
downward  flexed  Coosa  shales.  This  bending  of  the  strata 
by  the  drag  of  the  fault  is  represented  in  the  section,  figure 
15,  which  crosses  the  fault  at  right  angles. 
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Figure  15.     Section  north  and  south  along  Black  creek;  showing  the 
position  of  the  transverse  Gadsden- Atalla  fault. 

The  slipping  plane  of  the  Gadsden- Atalla  fault  is  prob- 
ably very  nearly  vertical,  or  it  may  dip  under  the  depressed 
beds.  Being  transverse  to  the  line  of  compression  this  would 
not  be  improbable.  It  might,  therefore,  be  classed  as  a 
normal  fault,  in  accordance  with  the  definition  already  given, 
except  for  its  very  intimate  relations  with  the  thrust  faults  of 
the  region. 
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Faults  of  the  Weisner  Region. — As  already  stated,  there 
is  a  small  area  lying  between  Weisner  and  Indian  mountains 
which  has  a  peculiar  and  extremely  complicated  geologic 
structure.  It  would  require  a  detailed  map  of  this  region 
on  a  large  scale  with  numerous  sections  to  adequately  rep- 
resent the  structure  but  this  detailed  statement  is  not  prac- 
ticable in  the  present  report.  Only  the  general  conclusions 
can  bo  given  here. 

Weisner  and  Indian  mountains  are  monoclinal  ridges 
formed  by  heavy  beds  of  Weisner  quartzite  which  occur  in- 
terbedded  with  the  Rome  sandstone  and  shales.  They  pre- 
sent toward  the  northwest  steep  and  rugged  faces  formed  by 
the  broken  edges  of  the  quartzite  beds  while  the  south- 
eastern sides  have  a  more  gentle  slope  with  the  dip  of  the 
strata.  The  region  between  these  two  main  ridges  is  occu- 
pied by  a  number  of  subordinate  ridges  somewhat  irregular 
in  their  arrangement  but  in  general  parallel  among  them- 
selves and  extending  in  a  direction  more  nearly  north  and 
south  than  the  main  ridges.  These  subordinate  ridges  are 
composed  for  the  most  part  of  Kuox  dolomite  and  Rocfcwood 
sandstone,  while  the  intervening  valleys  are  underlain  by 
Chickamauga  limestone  and  shale. 

A  belt  of  Knox  dolomite  extends  along  the  northwestern 
Bide  of  the  complicated  area  in  a  northeast  and  southwest 
direction  parallel  with  Weisner  and  Indian  mountains. 
This  belt  is  composed  of  a  number  of  short  ridges  extending 
nearly  north  and  south  and  slightly  overlapping ;  that  is, 
each  ridge  extends  a  little  further  north  than  the  next  one 
to  the  westward.  A  similar  belt  of  Rockwood  sandstone 
ridges  lies  to  the  southeast  parallel  with  the  dolomite  belt 
though  it  is  not  so  continuous  or  regular  as  the  latter.  The 
region  has  aparently  passed  through  the  structural  stage  in 
which  the' strata  occupy  simple  folds  or  even  folds  accom- 
panied by  faults  parallel  with  the  axes,  though  some  traces 
of  the  folds   8 till  remain.     Thus   the   Knox  dolomite  belt 

above  discribed  was  aparently  the  northwestern  edge  of  a 
synclinal  which  occupied  the  region  between  Weisner  and 
Indian  mountains.     The  later  formations  which  mark  the 
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axis  of  the  synclinal  form  an  irregular  belt  passing  through 
Rock  Run.  This  synclinal  has  been  almost  wholly  obliter- 
ated by  a  series  of  faults  which  extend  nearly  north  and 
south,  cutting  across  its  axis  at  an  angle  of  about  45°.  By 
these  faults  the  strata  have  been  broken  up  into  a  number 
of  blocks  and  the  blocks  of  strata  have  been  slid  over  upon 
one  another  so  that  they  now  overlap  like  the  shingles  of  a 
roof.  Each  of  the  subordinate  ridges  which  make  up  the 
belt  of  Knox  dolomite,  is  composed  of  a  block  of  strata  sepa- 
rated from  adjacent  ridges  by  faults.  The  same  is  true  of 
the  sandstone  ridges  which  form  the  corresponding  belt 
toward  the  southeast.  \ 

What  the  conditions  were  which  produced  this  peculiar 
structure  can  ouly  be  conjectured,  but  they  seem  in  some 
way  connected  with  the  transverse  faults  on  the  opposite 
side  of  Coosa  valley.  Both  sets  of  phenomena  at  least  ap- 
pear to  be  due  to  the  action  of  similar  forces,  and  there  are 
indications  that  in  both  cases  the  faulting  took  place  after 
the  original  folds  had  suffered  considerable  erosion. 

The  faults,  by  means  of  which  the  blocks  of  strata  are 
shingled  up  one  upon  another,  have  been  traced  only  to  the 
edge  of  the  dolomite  belt  but  it  is  altogether  probable  that 
they  extend  much  further  into  the  Cambrian  area  of  Coosa 
valley  and  additional  study  may  make  it  possible  to  locate 
them. 

The  extensive  deposits  of  limonite  iron  ores  which  occur 
in  this  region  are  closely  connected  with  these  faults.  The 
fracturing  of  the  rocks  appears  to  have  afforded  an  oppor- 
tunity for  the  percolation  of  waters  bearing  iron  in  solution 
so  that  the  iron  originally  dissiminated  through  the  surround- 
ing rocks  has  been  leached  out  and  redeposited  along  these 

fault  lines. 

The  difficulties  of  determining  the  structure  of-this  region 

or  even  of  accurately  mapping  the  surface  outcrops  of  the 
various  formations  are  greatly  increased  by  the  decay  and 
deep  disintegration  of  the  rocks  brought  about  by  the  fault- 
ing. Thus  the  chert  of  the  Knox  dolomite,  which  is  else- 
where an  unfailing  index  to  that  formation,  frequently  dis- 
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appears  in  this  intensely  faulted  region.  Chert  or  flint  is 
simply  silica  in  an  amorphous  or  uncrystalline  condition. 
Where  it  has  been  subjected  to  great  pressure,  with  the  in- 
creased temperature  which  must  have  accompanied  so  exten- 
sive faulting,  an  internal  re- arrangement  appears  to  have 
taken  place  in  the  chert  by  which  its  character  is  wholly 
changed  and  it  becomes  an  incoherent  white  substance 
closely  resembling  chalk,  ^his  chalk-like  material  is  often 
found  associated  with  the  limonite  iron  ores,  and  it  some- 
times retains  the  external  form  of  chert  nodules.  It  of 
course  offers  little  resistence  to  weathering  and  affords  no 
indication  on  the  surface  of  the  underlying  formation  so  that 
the  outcrops  of  all  the  Silurian  formations  are  frequently 
deeply  covered  with  a  uniform  deposit  of  red  clay  soil. 
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EXPLANATION  OF  PLATEL 

Plate  I.  Sketch  map  of  a  portion  of  Lookout  mountain,  Wills  valley 
and  Sand  mountain;  showing  various  stages  in  the  development  of  the 
present  drainage  system  and  topography. 

Fig.  1.  Showing  the  undulating  surface  which  determined  the  initial 
position  of  the  streams.  B  B  and  T  T  flow  in  synclinal  troughs  and  receive 
side  streams  1,  1, 1  and  s,  s,  8  from  the  intervening  anticlinal  ridge. 

Fig.  2.  Showing  a  stage  in  the  development  when  the  side  streams  1,  1, 1 
and  s,  s,  s  have  cut  through  the  hard  surface  rocks  to  6oft  beds  beneath  and 
lateral  valleys,  w,  wT,  etc,  are  being  formed  parallel  with  the  anticlinal 
axis. 

Fig.  3.  Showing  a  further  stage  in  the  development  when  the  lateral 
stream,  w,  has  cut  through  the  intervening  divides  and  diverted  the  drain- 
age of  1'  and  1".  A  second  series  of  lateral  streams,  W,  etc,  is  being 
developed  along  the  anticlinal  parallel  with  the  first  series,  W  W,  etc.  The 
upper  portion  of  the  synclinal  stream,  B  B,  has  been  diverted  by  a  side 
stream,  R  R 

Fig.  4.  Showing  the  present  drainage  system  and  topography.  Both 
lateral  streams,  w  and  W,  have  continued  to  encroach  upon  the  basins  of 
those  adjacent,  w  resulting  in  the  present  Little  Wills  creek  and  W  in  Big 
Wills  creek.  The  latter  now  occupies  the  axis  of  the  anticlinal  throughout 
its  whole  length  and  has  become  the  dominant  6tream  of  the  system  under 
consideration.  The  stream  B  B  has  been  further  robbed  of  portions  of  its 
drainage  basin  by  streams  flowing  eastward  to  the  Coosa.  The  synclinal 
stream  T  T  has  been  tapped  at  various  points  by  streams  flowing  westward 
into  the  Tennessee  and  the  drainage  thus  diverted  from  its  original  course 
toward  the  south. 
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JUL     io    '^ 


To  Hi*  Excellency, 

William  0.  Oate^ 

Governor  of  Alabama! 

Dear  Sib  : — I  have  the  honor  to  transmit  herewith 
Bulletin  No.  5  of  the  Geological  Survey,  a  Preliminary 
Report  on  the  Upper  Gold  Belt  of  Alabama  by  W.  M* 
Brewer,  wichsome  general  notes  upon  the  whole  area  of 
our  Cyrstalline  rocks  by  myself,  and  specific  notes  upon 
the  microscopic  characters  of  the  most  important  of  the 
rocks  of  this  region,  by  Dr.  Clements  and  Mr.  Brooks. 

The  numerous  enquiries  which  have  come  to  this  of- 
fice, regarding  our  gold  fields  will  find  answer  in  the 
first  part  of  this  report,  while  in  Part  II,  I  have  endeav- 
ored to  give  such  a  condensed  account  of  the  varieties , 
distribution,  and  structural  features  of  the  component 
rock  masses  of  this  area  as  has  seemed  desirable  to 
round  out  the  descriptions  of  Mr.  Brewer. 

In  the  petrographic  notes ,  or  descriptions  of  the  mi- 
croscopic characters  of  a  number  of  the  most  important 
varieties  of  these  rocks,  I  have  presented  matter  which 
I  am  fully  aware  will  posses  little  interest,  if  indeed  it 
be  even  intelligible,  to  the  majority  of  those  who  will  ex- 
amine this  report ;  yet  from  one  point  of  view,  it  is  of 
equal  importance  with  the  economic  report  which  pre- 
cedes it.  Everything  which  throws  light  upon  the  ori- 
gin and  development  of  the  rocky  substratum  of  the 
portion  of  earth  embraced  within  the  limits  of  our  State 
boundaries,  should  be  eagerly  welcomed  by  us,  for  with 
each  addition  to  our  knowlege  of  the  mode  of  formation 
or  accumulation  of  our  deposits  of  valuable  minerals , 
we  are  placed  in  position  the  better  and  more  certainly 
to  estimate,  in  advance  of  actual  development,  the  pos- 
sible as  well  as  probable  extent  of  our  resources  in  regard 
to  them. 

In  the  hands  of  competent  students,  thin  sections  of 
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rocks  examined  under  the  microscope,  have  yielded  more 
abundant  and  at  the  same  time  more  certain  and  defin- 
ite information  concerning  the  origin  and  history  of 
these  rocks  together  with  their  mineral  contents,  than 
almost  all  other  methods  of  investigation  combined.  If 
we  are  to  keep  at  all  in  line  with  the  progress  of  the 
world  in  the  study  and  presentation  of  our  natural  re- 
sources ,  it  will  not  do  to  neglect  any  of  the  sources  of  in- 
formation which  modern  methods  of  scientific  investiga- 
tion place  at  our  disposal . 

We  are  therefore  to  be  accounted  fortunate  in  having 
the  notes  of  Dr.  Clements  and  Mr.  Brooks  upon  some  of 
our  typical  rock  varieties,  and  our  obligations  to  these 
gentlemen,  and  to  the  authorities  of  the  United  States 
Geological  Survey,  with  which  Mr.  Brooks  is  connected, 
are  not  lessened  by  the  circumstance  that  these  notes 
have  been  contributed  without  cost  to  our  State  Survey . 

Very  respectfully, 

EUGENE  A.  SMITH, 

University  of  Alabama,  June  15, 1896. 
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PARTI. 

A  PRELIMINARY  REPORT  ON  THE 

UPPER  GOLD  BELT  OF  ALABAMA. 

IN  THE  COUNTIES  OF  [CLEBURNE,  RANDOLPH,1  CLAY,  &TAL- 
LADEGA,  ELMORE,  COOSA,  AND  TALLAPOOSA. 


By 

William  M.  Brewer, 
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LETTER  OF  TRANSMITTAL. 


To  Dr.  Eugene  A .  Smith , 

State  Geologist: 

Dear  Sir  : — With  this  I  hand  you  my  report  on  the 
gold  occurrences  of  the  Upper  Belt  of  the  Alabama  Gold 
Regions. 

The  field  work  which  furnishes  the  material  for  the 
greater  part  of  these  noted  was  done  during  the  summers 
of  1893-4.  Since  that  time,  however,  I  have  had  occa- 
sion to  revisit  several  parts  of  the  field  where  active 
work  of  prospecting  or  mining  was  being  carried  on,  and 
to  revise  the  notes,  and  bring  them  up  to  date.  This 
will  explain  the  lack  of  compactness  or  unity  in  some  of 
the  descriptions,  especially  of  the  Pinetucky,  Idaho  and 
Arbacoochee  Districts. 

In  describing  the  gold  deposits,  I  have  in  this  report, 
commonly  spoken  of  them  as  bedded  veins,  stratified  de- 
posits, etc.,  and  have  made  use  of  the  terms  stratifica- 
tion, strata,  and  beds,  in  connection  with  the  rocks  of 
the  country.  These  are  the  terms  most  naturally  sug- 
gested by  the  general  appearances,  and  they  will  perhaps 
be  better  understood  by  the  majority  of  those  who  may 
make  use  of  this  report. 

I  am  aware,  however,  of  the  fact  that  the  structure  of 
these  crystalline  rocks  may  in  many  cases  have  no  con- 
nection with  stratification ,  since  the  fully  crystalline 
schists  are  now  generally  considered  to  have  been  derived 
by  metamorphism  from  massive  igneous  rocks,  and  even 
in  the  rocks  of  sedimentary  origin — like  the  Talladega 
slates — the  planes  of  cleavage  may  not  necessarily  be  the 
planes  of  original  stratification. 

With  this  explanation  I  trust  that  my  use  of  the  terms 
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above  indicated  may  not  be  wholly  objectionable ,  although 
strict  accuracy  would  perhaps  suggest  that  they  be  dis- 
carded, and  the  terms  ' ' Stringer-leads f"  " Linked  veins , " 
" Schistosity  "  and  "Schists,"  etc.,  be  substituted. 

Wm.  M.  Brewer. 
Heflin,  Ala.,  April  10th,  1896. 


SILVER  HILL  GOLD  DISTRICT, 


THE  UPPER  GOLD  BELT. 


In  the  report  of  Dr.  Wm.  B.  Phillips  (Bulletin  No.  3) 
on  the  Lower  Gold  Belt  of  Alabama,  he  refers  to  a  divis- 
ion of  the  gold  fields  of  the  State  into '  'Upper  "  and  "Low- 
er' '  for  convenience  of  reference . 

The  dividing  line,  which  is  the  boundary  between  the 
counties  of  Talladega,  Clay  and  Randolph ,  on  the  north, 
and  Coosa,  Tallapoosa,  and  Chambers  on  the  south,  I 
have  respected  in  my  examinations. 

Beyond  the  connecting  of  the  formation  of  the  distinct 

leads  of  gold  bearing  ore,  and  the  determining  of  the 

i 

continuity  along  the  line  of  strike  of  these  leads  which 
have  their  south-western  terminations  in  the  Lower 
Gold  Belt,  no  reference  will  be  found  in  this  report  to 
occurrence  of  gold  bearing  ore  south  of  this  dividing  line, 
except  in  some  cases  not  referred  to  in  Dr.  Phillips'  re- 
port, because  of  his  being  called  from  the  field  by  the 
reason  of  sickness  in  his  family,  before  the  completion 
of  his  survey. 

Consequently,  while  this  report  is  on  the  Upper  Gold 
Belt  as  just  defined,  the  first  pages  are  devoted  to  a  fur- 
ther description  of  that  section  of  the  Lower,  omitted  by 
Dr.  Phillips  in  his  report  above  cited. 
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SILVER  HILL  BELT. 

TOPOGRAPHICAL    AND    GEOLOGICAL   FEATURES. 

The  name  above  given  was  taken  from  the  mine  sit- 
uated in  the  hill  locally  known  by  that  name,  in  Sees. 
16  and  17,  T.  20,  R.  22;  and  about  1±  miles  south  of 
that  prominent  feature  of  the  landscape,  mentioned  both 
by  Prof.  Tuomey  in  his  report  dated  1858,  and  Dr. 
Phillips  in  his,  dated  1892,  and  referred  to  by  them  as 
the  "Devil's  Back-bone." 

The  fact  that  this  is  the  most  south-easterly  of  any 
belt  or  series  of  leads  of  gold-bearing  ore  in  the  State,  is 
one  of  my  reasons  for  taking  it  up  first  in  my  report. 

In  both  the  reports  above  referred  to,  no  particular 
mention  is  made  of  the  extent  longitudinally  of  this  bold 
ridge,  or  of  the  location  of  its  south-western  extremity 
which  I  found  to  be  in  Sec.  18,  T.  19,  R.  21  in  Elmore 
eounty,  about  2  miles  north-east  of  Eclectic  P.O.  There 
it  is  that  the  'Talladega'  semi-crystalline  slate  is  first  seen 
as  one  travels  north-east  from  Wetumpka ;  and  there  also 
is  the  point  where  the  ridge,  which  extends  as  a  bold 
feature  of  the  landscape  across  this  section  of  the  State, 
and  into  Georgia,  first  assumes  definite  outlines. 

The  name  of  "Devil's  Back-bone"  does  not  receive 
local  recognition  in  Elmore  county,  nor  does  the  ridge 
assume  its  full  proportions  so  far  as  height  and  barren- 
ness are  concerned  until  it  crosses  into  Tallapoosa  county 
at  the  extreme  north-east  corner  of  Elmore  county. 

The  strata  of  semi-crystalline  slate  and  quartzite  which 
compose  this  ridge  have  their  lines  of  strike  north-east 
and  south-west  with  a  south-east  dip,  and  consequently 
the  ridge  itself  possesses  the  sam^trend,  maintaining  its 
continuity  persistently  in  this  portion  of  Elmore  county, 
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except  where  it  is  cut  through  by  Channahatchee  and 
Kielijah  creeks. 

MINING  OPERATIONS. 

Channahatchee  Creek  and  Peru  Branch. 

m 

While  gold  has  been  discovered  immediately  on  the  crest 
of  this  ridge  in  Tallapoosa  county,  yet  so  far  as  at  present 
known,  such  is  not  the  case  in  Elmore.  Limited  prospect- 
ing work  has  been  done  in  years  past  on  Channahatchee 
creek, but  such  was  abandoned,  almost  beyond  the  recol- 
lection of  the  oldest  settlers  ;and  despite  recent  excitements 
on  the  north-eastern  side  of  the  river  on  this  belt  of  semi- 
crystalline  slate,  in  which  several  gold-bearing  ore  bodies 
have  been  discovered,  no  one  has  faith  enough  to  pros- 
pect this  ridge  on  the  south-western  side. 

This  "  Devil's  Back-bone' '  ridge  crosses  the  Tallapoosa 
river  in  Sec.  32,  T.  21,  R.  22,  and  preserving  its  general 
characteristics  in  a  north-easterly  course, crosses  the  Co- 
lumbus and  Western  Railroad  at  Jackson's  Gap  Station ; 
and  again  crosses  the  Tallapoosa  river  near  the  northern 
borders  of  the  Horse  Shoe  Bend  in  which  is  located  the 
old  battle  ground  where  Gen.  Jackson  routed  the  Indians. 

The  "New  Yorker  Shoals"  also  cross  the  river  in  the 
same  vicinity  in  Sec.  24,  T.  23,  R.  23  E.  or  to  locate  the 
crossing  exactly,  this  range  line  follows  the  river 
which  at  this  point  runs  nopth  for  a  short  distance. 
The  "Devil's  Back-bone,"  while  its  course  can  be  readily 
traced  to  the  north-east,  across  the  Tallapoosa  for  the 
third  time,  near  Denny's  ferry  in  the  north-western  cor- 
ner of  Chambers  county,  thence  across  Randolph  county 
and  into  Georgia,  does  not  form  as  prominent  a  land 
mark  as  in  the  vicinity  of  the  gold  mining  district  in 
Tallapoosa  county.  The  semi-crystalline  Talladega 
slates  and  quartzites  form  the  ridge  and  its  flanks 
throughout  this  entire  distance,  and  many  of  the  occur- 
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rences  of  gold-bearing,  quartz  are  associated  with  these 
rocks. 

Besides  the  old  workings  referred  to  already,  on  Chan- 
nahatchee  Chreek ,  I  was  also  informed  of  other  prospect- 
ing which  had  been  done  in  the  past  in  Elmore  county 
in  this  vicinity  on  Peru  Branch .  But  it  is  impossible  to 
get  any  thoroughly  reliable  information  as  to  the  results 
of  this  early  work ,  which  was  carried  on  in  the  most 
primitive  methods  of  gold  mining,  and  only  the  ore  near 
the  surface  which  was  thoroughly  oxidised  was  treated, 
together  with  any  placer  gravel  beds  that  occurred  on 
the  creeks  and  branches. 

Silver  Hill,  Blue  Hill}  and  Northeastward. 

One  fact  is  noticeable  throughout  this  Silver  Hill  belt ; 
from  beyond  Blue  Hill,  which  is  located  in  Sec.  33,  T. 
21,  R.  22,  in  a  north-easterly  direction,  no  prospecting 
has  been  done  anywhere  on  the  bold  and  prominent 
quartz  outcroppings,  which  rise  above  the  apex  of  the 
ridge  proper,  in  many  places,  to  the  height  of  10  or  12 
feet.  These  outcroppings  are  composed  of  a  sugary 
quartz,  many  samples  from  which,  I  found,  panned 
colors;  as  also  was  ascertained  by  Dr.  Phillips.*  The 
reason  why  no  work  has  been  carried  on  is  obvious, 
for  except  where  this  ridge  is  cross  cut  by  the  river  and 
creeks,  to  obtain  the  water  supply  necessary  for  conducting 
mining  and  milling  operations  would  require  the  invest- 
ment of  large  capital  to  render  it  available. 

For  this  reason,  as  well  as  because  the  ore  is  invari- 
ably richer,  all  mining,  except  in  the  immediate  vicinity 
of  Blue  and  Silver  Hills,  has  been  carried  on  in  the  less 
prominent  ridges  in  the  same  country  rock,  which  paral- 
lel the  Back-bone   proper. 

In  traveling  to  the  north-east  from  Blue  Hill  I  found 

♦Bulletin  No.  3,  Alabama  Geological  Survey. 
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that  the  gold-bearing  quartz  and  graphitic  slates  were 
not  as  closely  associated  as  is  the  case  at  Blue  and  Greg- 
ory Hills  (both  in  the  same  land  section),  where  the  two 
become  a  conglomerated  mass  so  intermixed  and  irregu- 
lar in  structure  that  it  is  impossible  to  separate  the  one 
from  the  other,  and  the  entire  hill  sides  are  quarried 
down  and  sent  to  the  mill.  This  product  from  the  mines 
was  yielding,  at  the  time  of  my  visit,  about  $2.00  a  ton, 
or  rather  that  amount  was  saved.  I  am  of  opinion 
though,  after  panning  several  average  samples,  that  at 
least  double  this  amount  would  be  saved,  were  some 
process  devised  for  eliminating  the  graphite  before  amal- 
gamation was  attempted.  Apart  from  this  graphite  the 
ore  which  I  saw  mined  at  Blue  Hill  had  no  refractorv 
characteristics,  but  in  the  other  mines  in  the  vicinity  the 
ore  is  heavily  sulphuretted,  even  at  shallow  depth.  A 
sample  of  ore  from  the  Nichols  opening,  near  Blue  Hill, 
gave  on  analysis  $8.66  per  ton.  This  ore  has  very  little 
graphite.  The  Devil's  Backbone,  and  indeed  the  entire 
belt  of  semi-crystaline  slates  are  partially  or  entirely 
cross  cut  at  irregular  intervals  by  the  waters  of  Big 
Sandy  Creek,  at  Pace's  mill,  Sec.  15,  T.  21,  R.  22  E. ; 
by  Manoa  Creek,  Sec.  34,  T.  22,  R.  22  E. ;  by  Jackson's 
Gap  cut  on  the  Columbus  and  Western  Railroad,  Sec. 
13,  T.  22,  R.  22  E. ;  by  the  Tallapoosa  River  at  Horse- 
shoe Bend,  already  referred  to;  by  Jay  Bird  Creek  be- 
tween Jackson's  Gap  and  the  Horseshoe  Bend,  Sec.  33, 
T.  22,  R.  23  E. ;  by  Galloway  Creek  and  Hardnett's  Mill 
Creek,  two  miles  south  of  Daviston  P.  O.  near  the  north- 
east corner  of  Tallapoosa  county  ;  by  the  Tallapoosa  River 
at  Denny's  Ferry  in  Chambers  county,  and  by  some  of 
the  head-waters  of  High  Pine  Creek  in  Randolph  county  ; 
as  well  as  by  the  headwaters  of  Wehadkee  Creek  in  the 
same  county  near  the  State  line. 

Jackson's  Gap,  which  I  have  referred  to  as  cross  cutting 
the  Backbone,  affords  a  good  opportunity   for   studying 
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the  formation  and  structure  of  this  ridge.  In  a  deep  cut 
made  by  the  railroad,  about  25  feet  in  depth  and  400  in 
length,  I  noticed  that  the  strata  of  slate  and  quartz  have 
been  twisted  and  folded  into  snake-like  contortions,  hav- 
ing no  regularity  in  dip  or  thickness,  as  depth  is  at- 
tained. The  stringers  of  quartz  a^e  interpolated  between 
the  slates,  without  any  conformity,  and  having  a  lentic- 
ular or  kidney-like  structure.  A  thick  outcrop  at  the 
surface  in  several  places  pinches  out  a  few  feet  below ; 
while  in  other  instances  although  no  outcrop  occurs  at 
the  surface,  yet  10  or  20  feet  below  kidneys  of  quartz 
are  seen  imbedded  between  the  slates  in  masses  and 
pockets ;  in  one  case,  attaining  a  thickness  of  several 
feet  at  the  bottom  or  floor  of  the  cut,  and  this  body  of 
quartz  extended  below  the  bottom  or  floor  pf  the  cut. 

From  the  formation  in  this  cut,  also  from  the  fact  that 
the  Bonner-Terrell  and  Gunn  properties  located  on  a 
parallel  ridge  possess  the  same  structure,  I  am  inclined 
to  the  opinion  that  gold  mining  in  this  vicinity  would 
prove  quite  uncertain. 

In  width,  I  find  that  this  belt  of  semi-crystalline  slate 
with  the  associated  gold-bearing  ore,  is  more  extensive 
than  is  generally  supposed.  While  the  main  lead  appa- 
rently outcrops  along  the  crest  of  the  Devil's  Backbone, 
I  observed  outcrops  and  old  workings,  at  many  points 
along  the  line  of  strike  of  the  belt,  more  than  a  mile  and 
a  half  to  the  south-east ;  but  the  Devil's  Backbone  appa- 
rently marks  the  line  of  the  northwestern  border  ;  beyond 
which  you  pass  at  once  into  gneiss  and  mica-schist. 

Bonner-Terrell  Mine  and  Vicinity. — In  the  vicinity  of 
Jackson's  Gap  there  are  only  two  known  evidences  of 
gold  bearing  ore.  These  are  the  Bonner-Terrell  and 
Preacher  Gunn  properties.  The  first  named  is  located 
on  Sec.  19,  T.  12,  R.  23.  It  was  worked  to  some  extent, 
as  the  old  openings  demonstrate,  some  years  since,  and  a 
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stamp  mill  was  run  on  the  ore;  but  for  some  reasons  the 
old  openings  were  abandoned  and  allowed  to  cave  in, 
the  mill  was  torn  down  and  moved  away,  and  to-day  it  is 
impossible  to  form  any  idea  from  an  examination  as  to 
the  extent  or  value  of  the  ore. 

The  last  named  is  located  on  Sec.  30,  T.  22,  R.  23. 
Here  only  shallow  prospecting  has  been  attempted. 
Some  samples  from  a  narrow  seam  of  quartz  bedded  con- 
formably  with  the  country  rock  panned  quite  richly,  but 
the  formation  is  apparently  similar  to  that  at  Jackson's 
Gap  with  regard  to  structure,  and  the  work  is  entirely 
insufficient  to  warrant  any  opinion  regarding  the 
prospect ;  beyond  the  statement  that  some  of  the  quartz 
carries  gold .  At  another  point  on  this  same  property  a 
shallow  pit  exposes  a  seam  of  ore  about  18  in.  or  2  feet 
in  thickness.  This  however  does  not  pan  as  richly  as 
the  thin  streak,  while  the  same  facts  exist  as  to  work, 
«tc. 

Eagle  Creek  Gold  Mining  District. 

This  is  the  loc&l  name  given  to  that  portion  of  the  Sil- 
ver Hill  belt  which  lies  adjacent  to  and  in  the  vicinity  of 
the  Horseshoe  Bend  of  the  Tallapoosa  River,  and  the  New 
Yorker  Shoals.  The  name  is  taken  from  that  of  a  creek 
which  empties  into  the  Tallapoosa  River  on  the  south- 
east side  near  the  New  Yorker  Shoals. 

This  district  on  both  sides  of  the  river  was  quite  ex- 
tensively worked  several  years  ago,  and  a  stamp  mill,  or 
as  it  was  then  called,  a  "pounding  01111,"  was  operated 
on  ore  mined  from  near  the  surface  ;  but  work  was  aban- 
doned  when  sulphurets  were  encountered.  Since  then 
the  old  openings  have  been  allowed  to  cave  in  and  fill 
up  with  debris,  so  that  it  was  with  difficulty  I  could  en- 
ter the  same,  and  examine  the  ore  bodies. 

These  occurrences  were  not  on  the  Devil's  Backbone 
ridge  proper,  or  Sheep  Hill,  as  this  portion  of   the   ridge 
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is  locally  called,  but  on  ridges  having  their  trend  nearly- 
parallel  with  the  main  ridge,  and  located  about  one  mile 
to  the  southward  of  it. 

Jennings',  S.  W.  Sec.  26,  T.  23,  R.  23  E.— This  property 
is  the  southwestern-most  in  this  district  on  which 
a  body  of  gold-bearing  ore  has  been  discovered  and  pros- 
pected to  some  extent.  There  appears  a  slight  change 
in  the  character  of  the  country  rock  ;  which  has  the  ap- 
pearance of  a  hydro-mica  schist  rather  than  the  semi- 
crystalline  "Talladega"  slate.  The  ore  is  a  somewhat 
sugary  decomposed  quartz,  and  the  body  I  examined  was 
a  seam  some  6  to  8  inches  in  thickness  in  apparent  con- 
formity with  the  country  rock.  The  openings  in  this 
property  were  all  shallow  prospect  pits,  and  beyond  the 
fact  that  it  panned  at  about  the  rate  of  $3.00  or  $4.00  a 
ton,  but  little  could  be  determined  as  to  structure  or  per- 
manency. 

Tapley,  S.  E.  Sec.  26,  T.  23,  R.  23,  E.— This  property 
adjoins  the  Jennings,  and  is  apparently  an  extension  of 
that  ore  body.  The  openings  were  more  numerous  and 
extensive.  In  fact  in  one  place  ore  had  been  mined  a 
depth  of  50  feet,  but  so  long  ago  that  the  timbering  had 
rotted  and  the  openings  were  inaccessible.  Some  of  the 
ore  remained  on  the  old  dumps.  This  was  a  whitish 
flinty  quartz,  highly  sulphuretted,  and  quite  undesirable 
for  treatment  by  amalgamation.  Several  tons  of 
ore  from  this  property  had  been  treated  in  the  mill  al- 
ready referred  to,  but  no  reliable  information  could  be 
obtained  as  to  the  results. 

Where  I  was  able  to  see  this  ore  body  I  found  it 
showed  about  the  same  thickness  as  on  the  Jennings 
property,  with  its  line  of  strike  N.  E.  and  S.  W.  and 
dipping  at  an  angle  of  about  45  deg.  slightly  E.  of  S. 
There  are  also  several  thin  stringers  of  a  bluish  colored, 
hard   sulphuretted   quartz  on   these   properties ;  all  of 
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which  show  gold  by  panning,  so  far  as  I  was  able  to  test 
them. 

Hammock,  S.  W.  Sec.  24.,  T.  23,  R.  23,  E.—  This  prop- 
erty was  mined  on  about  12  years  since/  and  the  mill 
above  referred  to  was  then  in  operation  on  a  branch 
which  flows  through  the  property.  Nothing  now  re- 
mains to  mark  the  spot  where  the  mill  stood  except  some 
rotten  timbers,  and  an  old  ore  dump;  It  is  claimed  that 
some  of  the  ore  from  this  property  milled  $30.00  a  ton 
in  free  gold,  but  a  sample  I  took  from  the  dump,  assayed 
only  $5.70  a  ton  in  gold.  The  ore  resembles  the  Tapley  ; 
being  a  highly  sulphuretted  hard  quartz .  The  sample  I 
took  was,  as  near  as  I  could  judge,  without  systematic 
sampling,  a  fair  average  of  a  few  tons  which  still  re- 
mained on  the  dump.  Milling  and  mining  were  sus- 
pended, it  is  claimed,  because  the  ore  was  too  highly 
sulphuretted  to  work  profitably  by  ordinary  amalgama- 
tion. No  information  whatever  could  be  gathered  from 
the  old  openings. 

Greer,  S.  E.  Sec.  2£,  T.  23,  R  23.  E.— From  the  Ham- 
mock property  I  traced  the  same  lead  of  quartz  by  the 
outcrop,  to  the  Greer,  which  extends  to  the  Mule-shoe 
Bend  of  the  Tallapoosa  River,  situated  partially  in  the 
eastern  portion  of  this  same  section.  The  ore  here  has  the 
same. general  characteristics  as  in  all  the  openings,  as  well 
as  in  the  outcroppings,  through  this  district,  and  appa- 
rently is  of  about  the  same  relative  value.  From  the  best 
information  I  could  obtain,  ore  from  all  these  properties 
in  this  district  on  this  side  of  the  river  was  milled  in  the 
Hammock  mill  some  12  years  since ;  but  no  work  has 
been  done  recently,  except  that  some  of  the  shallow  pits 
were  partially  cleaned  out  to  enable  me  to  see  the  ore 
bddy,  which  has  the  structure  of  a  bedded  vein,  in  the 
hydro-mica  schist  country  rock,  conformably  with  the 
general  formation  and  having  its  line  of  strike  N.  E.  and 
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S.  W.,  and  dipping  at  an  angle  of  about  45  deg.  towards 
S.  E. 

Crossing  the  river  at  the  Griffin  ferry  in  Sec.  24, T.  23, 
R.  23  E.,  I  continued  my  work  of  tracing  this  gold  lead 
or  belt  by  actually  following  along  the  line  of  strike  of 
the  formation  towards  the  Georgia-Alabama  State  line. 

In  this  1  found  some  difficulty,  because  except  in  the 
vicinity  of  the  river.,  the  outcrop  had  lost  some  of  the 
bold  and  prominent  features  it  possessed  towards  the  S. 
W.  As  nearly  as  I  could  trace  it  by  the  country  rock, 
which  along  the  south-eastern  border  of  the  belt  still 
maintained  those  characteristics  which  led  me  to  classify 
it  as  a  hydro-mica  schist,  but  towards  the  north-western 
border  preserved  the  appearance  typical  of  the  "  Talla- 
dega' '  semi-crystalline  slate,  I  found  that  the  belt  con- 
tinued along  the  summit  and  sides  of  a  well  defined 
ridge.  Though  not  as  prominent  a  land-mark  as  the 
Devil's  Back-bone  to  the  south-west,  yet  it  was  suffi- 
ciently persistent  to  be  considered  an  extension  of-  that 
ridge . 

Johnson,  W.  half  of  S.  W.  Sec.  17,  T.  23,  iJ.  34 . 
There  are  several  old  workings  in  this  vicinity,  consist- 
ing of  tunnels  and  shallow  incline  shafts  which  were 
made  in  1840  to  1845;  when,  judging  from  the  old  dumps 
and  the  extent  of  the  workings,  quite  extensive' mining 
operations  were  carried  on. 

This  Johnson  property  is  located  in  the  forks  of  the 
river  and  Sweet  Water  creek  on  the  north,  or  rather 
north-west,  side  of  the  river.  The  outcrop  of  quartz, 
much  of  which  prospects,  is  quite  bold  and  prominent, 
continuing  along  the  line  of  strike  N.  E.  and  S.  W.  with 
hardly  a  break,  to  the  river,  a  distance  of  about  a  mile 
and  a  half. 

The  character  of  this  quartz  is  sandy,  sugary,  very 
much  stained  with  iron  oxide,  partially  decomposed  and 
porous . 
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A  sample  selected  at  haphazard,  analyzed  by  Dr.  J.  H. 
Pratt  of  Birmingham,  Ala.,  yielded  $3.43  a  ton  in  gold. 
In  panning  several  samples  I  noticed  that  the  results 
averaged  very  evenly,  more  so  than  almost  any  other 
quartz  outcrop  I  have  tested  in  this  State.  These  were 
all  taken  at  haphazard  from  the  outcrop,  and  were  not 
sampled  systematically  by  quartering  as  should  be  done  ; 
but  I  lacked  both  time  and  facilities  for  doing  such 
work. 

As  is  the  case  on  the  opposite  side  of  the  river,  some 
work  was  done  here  ten  •  or  twelve  years  since,  and  ore 
milled.  At  the  present  time,  though  the  openings  are  in 
such  a  condition  that  it  is  impossible  to  estimate  the 
character  or  extent  of  the  ore  body,  except  from  the  out- 
crop, which,  while  it  has  a  general  line  of  strike  and  dip, 
has  but  little  regularity  in  structure. 

The  gold  contained  in  this  ore  is  very  fine,  but  appears 
to  be  free-milling  at  and  near  the  surface,  though  un- 
doubtedly sulphurets  will  be  present  at  depth.  To  the 
south-west  on  the 

Griffin  property,  Sec.  19,  T.  23,  R.  24  E.t  the  same  lead 
of  quartz,  apparently,  can  be  traced  across  that  tract 
from  which  it  enters  the  river.  No  work  of  any  descrip- 
tion had  been  performed  here  at  the  time  of  my  visit, 
nor  indeed  could  I  learn  of  any  other  mining  work ,  hav- 
ing been  carried  on  along  the  line  of  strike  of  this  Silver 
Hill  belt  to  the  north-east  in  this  State. 

My  attention  was  attracted  to  the  different  appearance 
and  nature  of  the  quartz  occurring  in  the  several  leads 
on  the  two  sides  of  the  river,  in  the  Devil's  Back-bone 
proper,  as  well  as  in  the  parallel  ridges,  a  mile  or  more 
to  the  south-east,  where  most  of  the  mining  has  been 
done.  While  the  gold-bearing  ore  on  the  northern  side 
of  the  Tallapoosa,  so  far  as  I| observed  (and  I  saw,  and 
tested  samples  by  panning,  from  all  the  known  bodies 
which  outcrop,  or  have   been  mined),  is  of  a  sugary, 
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sandy  character,  somewhat  decomposed  and  porous,  and 
plentifully  stained  with  iron  oxide  ;  that  on  the  southern 
side,  especially  in  the  southeastern-most  bodies ,  is  of  a 
hard,  glossy  and  flinty  nature,  carrying  a  large  per  cent- 
age  of  sulphurets,  and  some  magnetic  iron. 

North-East  of  Eagle  Creek  District. 

To  the  north-east  along  the  line  of  strike  of  the 
country  rock,  I  traced  this  belt  across  Galloway 
creek  about  2  miles  south  of  Daviston,  where  I 
found  apparently  the  same  ledge  of  slate  as  at 
the  New  Yorker  Shoals  with  quartz  interpolated 
between  the  strata.  Thence  to  Hardnett's  Mill  creek, 
two  and  a  half  miles  further  to  the  north-east,  where  the 
same  ledge  crosses  the  creek  a  short  distance  north  of 
the  mill.  Thence  to  the  Mountain  Spring  church  on  the 
Chambers  county  line,  Sec.  19,  T.  24  N.,  R.  25  E. 

A  short  distance  from  this  church,  to  the  north-east, 
in  the  same  section,  and  along  the  crest  of  a  high  ridge, 
from  which  the  church  derives  its  name,  the  outcrop  of 
quartz  again  assumes  the  bold  outlines  it  possessed 
along  the  Devil's  Backbone  in  the  vicinity  of  Blue  Hill, 
and  rises  several  feet  above  the  surface  in  immense  slabs 
and  boulders.  Some  of  this  quartz  is  in  place,  but  no 
enclosing  walls  of  country  rock  are  exposed,  except  in 
such  a  rotten  state  as  to  render  its  classification  quite 
difficult.  Near  by,  though  where  less  decomposition  and 
erosion  have  taken  place,  the  country  rock,  are  the  same 
semi-crystalline  slate  and  hydro-mica  schist,  which  char- 
acterize the  entire  belt.  The  dip  of  this  quartz  in  places 
is  almost  vertical,  and  the  strike  conforms  with  the  gen- 
eral line  N.  40°  E.  This  quartz  is  of  the  same 
sandy,  friable  character  as  in  the  outcrop  along  the 
Devil's  Back-bone  proper,  but  samples  I  took  failed  to 
show  any  colors  of  gold  in  the  pan,  although  the  pres- 
ence of  black  sand  with  some  sulphurets  indicated  that 
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there  might  be  gold  bearing  chutes  or  chimneys  in  the 
body.  I  followed  this  outcrop  along  the  ridge  and  to- 
wards the  Tallapoosa  river,  which  it  crosses  at  the  mouth 
of  Laney  creek,  about  one  mile  below  Denny's  Ferry, 
and  five  miles  due  east  from  Daviston.  I  could  find  no 
openings  on  this  outcrop  along  the  ridge,  or  in  this  semi- 
crystalline  formation  in  this  vicinity,  to  indicate  that  any 
prospecting  had  been  done,  nor  could  I  learn  of  any  work 
which  resulted  profitably  having  been  performed  on  this 
Silver  Hill  belt  north-east  of  the  river  at  any  point  be- 
tween it  and  the  Alabama-Georgia  Line. 

The  belt  of  semi-crystalline  slate  and  hydro-mica  schist 
maintains  its  continuity,  with  many  seams  of  quartz  in- 
terstratified,  as  I  demonstrated  by  crossing  the  formation 
at  various  points  along  its  line  of  strike.  The  course  is 
north-easterly  from  Denny's  Ferry  across  the  north- 
western corner  of  Chambers  countv ;  thence  into  Ran- 
dolph  south-east  of  Louina,  crossing  the  county,  passing 
near  Handley  P.O.,  thence  to  the  State  line. 

Near  Rock  Mills ,  Randolph  County,  about  five  miles  in 
a  direction  slightly  north  of  east  from  Roanoke,  and  in 
Sec.  27,  T.  21,  R.  13  E.,  it  is  reported  that  while  the  In- 
dians resided  in  that  vicinity,  as  well  as  more  recently, 
placer  gold  has  been  found  in  the  bed  of  Wehadkee 
creek,  but  no  signs  of  any  extensive  work  can  be  found- 
So  far  as  I  could  ascertain  the  occurrence  of  gold  in 
this  section  is  based  entirely  on  legend  and  tradition ; 
many  stories  of  the  Indians  bringing  gold  dust  to  the 
traders  in  small  quantities  are  related  by  early  settlers, 
but  no  one  appears  to  place  sufficient  faith  in  such  ac- 
counts to  feel  warranted  in  expending  money  for  pros- 
pecting during  recent  years. 

So  far  as  I  could  discover  from  my  own  tests,  as  well 
as  the  best  information  I  could  obtain  on  the  subject,  I 
feel  warranted  in  stating  that  no  gold  in  paying  quant- 
2 
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ities  occurs  in  Alabama  south-east  of  the  Silver  Hill  belt ; 
although  the  crystalline  schists,  hornblende  and  gneiss 
formations  continue  in  a  south-easteriv  direction  some 
40  miles,  or  to  the  latitude  of  Columbus,  Ga. 

OCCURRENCES     OF     MICA,      CORUNDUM,      SOAPSTONE    AND 

ASBESTOS . 

Immediately  south-east  of  the  Silver  Hill  belt,  and 
paralleling  the  same,  we  find  first  strata  of  graphitic 
slate,  which  I  noticed  at  one  point  on  the  Germany 
Ferry  road  between  Daviston  and  Dadeville  on  the  north- 
west side  of  the  Tallapoosa  river,  to  be  at  least  40  feet  in 
width  where  the  public  road  cross  cuts  the  slates.  Next 
in  the  series  of  mineral  belts  paralleling  the  Silver  Hill , 
are  veins  of  coarse  grained  granite,  from  which  mica  in 
crystals  sufficiently  large  to  possess  a  commercial  value, 
has  been  mined.  I  found  the  best  points  to  study  these 
parallel  belts  was  in  the  vicinity  of  Dadeville  and  Butt- 
*ton,  also  near  Easton  P.  0.  about  7  miles  northerly  from 
Dadeville. 

From  my  observations  in  this  neighborhood,  I  found 
that  the  mica  belt  just  referred  to,  was  followed  by  a 
belt  of  soapstone.*  Associated  with  which  were  corun- 
dum and  asbestos.  In  its  turn  the  soapstQne  was  fol- 
lowed by  another  belt  or  series  of  veins  of  coarse  grained 
gneiss,  and  mica  schist  which  indicated  the  occurrence 
of  mica  of  commercial  value. 

This  last  occurrence  of  mica  together  with  the  soap- 
atone  and  other  minerals  are  what  is  locally 
known  as  the  mica,  corundum  and  asbestos  belts ;  which 
parallel  the  strata  of  graphitic  slate,  in  their  turn  paral- 
leling the  Silver  Hill  gold  belt  on  the  south-east  border. 

I  have  observed  in  Carroll  county,  Ga.,  apparently  the 
same  series  of  mineral  bearing  formations ;  which  cross 

•The  soapstone,  and  other  minerals  here  mentioned,  are  associated 
with  masses  of  basic  igneous  rocks  (pyronene  and  chrysolite)  and 
some  of  them — soapstone  chlorite  and  aje  the  products  of  the  altera- 
tion of  these  by  weathering.    E.  A.  S. 
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that  county  in  a  north-easterly  course .  Although  the 
outcrops  are  not  continuous  above  the  surface,  yet 
I/un  of  opinion  from  the  general  character  of  the 
formations  that  these  belts  are  south-western  exten- 
sions of  those  in  Georgia.  Especially,  as  I  am  reliably 
informed  since  the  same  occur  in  Heard  county,  Ga. 

So  far  as  I  could  ascertain  the  only  work  of  any  extent 
that  had  been  performed  in  search  for 

Mica  in  this  neighborhood ,  or  indeed  anywhere  on  this 
belt,  was  on  the  Holly  plantation  about  2  miles  east  of 
Easton  P.  0.  Here  a  pit  some  15  feet  deep  had  been  re- 
cently sunk  and  merchantable  mica  mined  and  shipped 
to, St.  Louis.  But  at  the  time  of  my  visit  (Nov.,  1893,) 
the  work  was  suspended,  and  from  the  manner  in  which 
it  had  been  done,  it  was  impossible  for  me  to  form  any 
idea  of  the  permanency  of  the  deposit. 

Immediately  north  of  this  belt  bearing  mica,  extends 
what  is  locally  known  as  the 

Corundum  and  Soapstone  belts  where  about  12  years 
since  Dr.  Lucas,  a  resident  of  North  Carolina,  who  had 
purchased  a  tract  of  land  on  the  Tallapoosa  river,  in- 
cluding a  portion  of  the  New  Yorker  shoals,  with  the 
avowed  intention  of  utilizing  the  water  power  for  manu- 
facturing purposes,  gave  the  industry  of  corundum  min- 
ing quite  an  impetus  by  purchasing  the  product  of  this 
belt.  He  paid  from  $50.00  to  $60.00  a  ton,  but  was 
driven  from  the  market  by  another  dealer,  who  for  a  time 
paid  a  higher  price,  but  ultimately  failed.  Since  then 
the  industry  has  been  entirely  abandoned  in  this  section 
of  the  State.  I  visited  some  old  openings  that  were  made 
at  that  time  on  the  Hanby  plantation,  adjoining  the 
property,  on'  which  is  located  Easton  P.  O.  on  the  east ; 
also  at  the  Bartlett  plantation  2  miles  north  of  Dudley- 
ville,  and  the  Holly  plantation  2  miles  north  of  Hanby 's. 

At  the  last  named,  soapstone  only  had  been  found,  and 
mined  to  a  limited  extent ;  some  of  the  blocks  which  ha^ 
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been  sawed  out  at  the  time  active  mining  operations 
were  being  carried  on,  still  remain  on  the  ground. 

Whether  sufficient  corundum  can  be  found  in  the  beds 
on  this  belt,  to  be  of  commercial  importance  in  the  future , 
is  impossible  to  estimate..  The  old  openings  are  partially 
filled  up  with  debris,  and  apparently  were  sunk  until  a 
hard  variety  of  soapstone  was  encountered  and  then 
abandoned . 

I  find  this  corundum  and  soapstone  belt  extends  as 
far  to  the  south-west  as  the  vicinity  of  Dadeville,  and  to 
the  north-east  in  the  neighborhood  of  Milltown,  but  as 
to  the  exact  extent  longitudinally,  I  have  not  determined.* 
In  width  it  is  of  inconsiderable  extent  so  far  as  at  pres- 
ent known ;  not  exceeding  2  miles,  so  far  as  I  can  learn, 
at  any  point. 

There  apparently  occur  two  series  of  beds  with  parallel 
lines  of  strike  ;  both  of  which  cross  the  Hanby  planta- 
tion, before  referred  to ;  but  I  can  find  no  trace  of  the 
occurrence  of  any  corundum  or  soapstone  north  of  the 
Bartlett  plantation  and  south  of  the  Silver  Hill  gold  belt. 
This  last  named  property  is  in  a  line  north-east  from  the 
Hanby,  and  distant  about  5  miles. 

On  the  Germany  Ferry  road  to  Dadeville  the  most 
northern  indications  of  corundum  and  soapstone  occur  at 
the  crossing  of  Soapstone  Creek  2  miles  south  of  the 
ferry.  At  this  point  immense  outcroppings  and  a  ledge 
of  chrysolite  rock  show  in  the  wagon  road,  which  appa- 
rently has  close  connection  with  the  soapstone  corundum 
beds ;  for  the  same  rock  is*  again  found  on  the  Griffin 
Ferry  and  Dadeville  road  near  an  old  church,  in  the 
northern  portion  of  T.  22,  R.  24  E.,  as  well  as  at  other 
places  along  the  line  of  strike. 

♦Another  somewhat  similar  belt  is  on  the  N.  W.  side  of  the  Devil's 
Backbone  ridge,  showing  near  Foshee's  Mill  (Fosheeton)  and  far  to 
the  southwestward  at  Robert  Goodman's,  south  of  Alexander  City. 
At  Goodman's  a  considerable  quantity  of  corundum  has  been  ob- 
served.   E.  A.  S. 
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I  also  found  some  samples  of 

Asbestos  closelv  associated  with  the  corundum  and 
soaps  tone,  at  the  Bartlett  plantation,  but  of  a  very  poor 
quality;  as  good,  however,  as  that  found  in  Carroll 
county,  Ga.,  which  at  a  depth  of  12  feet  was  not  of  suffi- 
ciently good  grade   to  command  any  commercial  value. 

Whether  the  grade  will  improve  as  depth  is  attained 
in  the  workings  I  am  unable  to  state ;  but  so  far  as  I 
could  learn  from  personal  observation  or  information,  no 
work  has  been  done  on  the  Alabama  side  to  determine 
this. 

One  and  a  half  miles  north  of  the  Bartlett  plantation 
the  Tallapoosa  River  flows,  and  between  these  points 
some  mica  has  been  found,  along  that  northerly  belt  I 
have  referred  to  already,  as  paralleling  the  graphitic 
slate,  but  of  inconsiderable  quantity,  so  far  as  at  present 
developed. 

The  country  rock  associated  with  the  corundum  and 
asbestos  is  a  talcoid-schist ;  with  boulders  of  soapstone , 
and  a  green  colored  rock  probably  chrysolite,  there  are 
also  specimens  of  actinolite  and  tourmaline  plentifully 
found  with  the  float  and  surface  rocks.  A  ledge  of  dark 
green  hornblendic  rock  is  also  a  noticeable  feature  in  the 
geological  formation,  which  I  have  failed  to  find  elsewhere 
in  this  crystalline  region,  except  along  the  line  of  strike 
of  these  particular  belts.  The  largest  outcrop  of  this  is 
near  Dudley ville,  where  the  wagon  road  cross  cuts  it 
angling.  *  This  is  on  the  road  between  Dudley  ville  and 
Buttston. 

The  mica-schist  and  gneiss  formations  are  continuous 
paralleling  the  Silver  Hill  belt  on  the  S.  E.  to  the  Ala- 
bama-Georgia boundary  line,  crossing  Randolph  county 
through  Roanoke,  thence  by  Rock  Mills  to  the  line,  into 
Heard  County,  Ga. 


*  See  foot  note  to  page  18.    E.  A.  S. 
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GOLDVILLE  AND  HOG  MOUNTAIN  BELT. 

In  my  report  I  have  retained  the  same  name  for  the 
upper  portion  of  this  belt,  which  occurs  to  the  north- 
west of  and  paralleling  the  Silver  Hill,  as  that  used  by 
Dr.  Phillips  in  his  report  on  the  Lower  Gold  Belt.  My 
examination  of  this  began  in  Clay  county ;  because  ia 
the  report  of  Dr.  Phillips  above  mentioned,  the  south- 
western portion  of  this  belt  has  been  fully,  and  very  ably 
described . 

TOPOGRAPHICAL  AND  GEOLOGICAL  FEATURES. 

Before  taking  up  the  description  of  the  gold  leads  on 
this  belt,  I  will  occupy  a  little  space  in  briefly  describing 
the  geological  formation  of  the  fully  crystalline  region 
which  intervenes  between  the  Silver  Hill  belt  of  semi- 
crystalline  slate  and  hydro-mica  schist,  and  this  Gold- 
ville  belt,  which  is  formed  by  the  Talladega  and  other 
semi-crystalline  slates;  with  boundaries  of  gniess  and 
flat  rocks,  usually  called  granite,  both  along  the  south- 
east and  north-west  borders. 

The  average  distance  intervening  between  these  belts 
is  about  6  miles,  which  can  be  definitely  traced  on  the 
map,  by  drawing  a  line  with  a  N.  E.  S.  W  course 
intersecting  Daviston  on  the  north-western  boundary  of 
the  Silver  Hill  belt  and  New  Site  on  the  south-eastern 
boundary  of  the  Goldville  belt.  In  Randolph  county 
the  semi-crystalline  slates  are  greater  in  width  than  in 
Clay  or  Tallapoosa  counties,  and  have  intruded  on  the 
fully  crystalline,  or  vice- versa ;  for  it  is  not  yet  decided 
which    formation  is  the     older.     This     intrusion*      is 

*See  Port  II  of  this  Report,  where  reasons  are  given  for  thinking 
that  the  structure  of  these  crystalline  rocks  is  not  stratification,  but  a- 
secondary  character  (schistosity)  produced  by  dynamic  me tamorphism. 
of  originally  massive  igneous  rocks.    E,  A.  S. 
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really  interstratification ;  because  the  series  of  the  for- 
mation follow  each  other  conformably.  But  alteration 
appears  to  have  taken  place  along  the  line  of  the  strike ; 
so  that  in  traveling  across  the  formation  from  Louina  to 
Almond  P.  0.  a  series  of  strata  of  semi-crystalline  slate 
occur;  which  are  not  seen  south  of  the  Clay  county 
line.  While  in  traveling  from  Roanoke  to  Wedowee 
these  fully  crystalline  schists  and  gneiss  appear  to  be 
narrowing  down,  and  about  1  mile  east  of  Wedowee  dis- 
appear entirely,  with  the  exception   of  about  100   acres 

of  gneiss  and  flat  rock  occurring  about  2  miles  north  .east 

of  Wedowee,  portions  of  Sec.  23  and  24,  T. 19, R.  11  K 

• 

Immediately  paralleling  the  Silver  Hill  belt  on  the  north- 
west in  the  vicinity  of  the  Eagle  Creek  Mining  District 
I  found  massive  boulders  and  beds  of  gneiss,  which 
maintain  their  continuity  longitudinally  to  the  Ala- 
bama-Georgia State  line.  On  the  line  of  strike  towards 
the  north-east  this  bedded  gneiss  assumes  the  struct- 
ure of 

Flat  Rocks  in  many  places  on  both  borders,  and  is  usu- 
ally designated  as  granite,  and  often  as  dikes.  But  al- 
though these  flat  rocks  in  some  places  cover  several  acres, 
as  at  Almond  P.  O.,  (at  that  place  the  flat  rocks  cover 
nearly  or  quite  200  acres,  being  2  miles  in  length  N..E. 
and  S.  W.  and  J  mile  wide,)  I  find  the  lines  of  strati- 
graphy* quite  well  defined,  showing  conformity  in  the 
bedding  with  the  semi-crystalline  slates  on  both  S.  E. 
and  N.  W .  The  same  state  of  facts  I  find  on  close  ob- 
servation prevails  wherever  these  flat  rocks  occur,  con- 
sequently instead  of  treating  them,  and  writing  of  them 
as  granites,  I  shall  refer  to  them  always  as  gneiss.  As 
these  occurrences  are  possessed  of  a  commercial  value, 
I  have  taken  pains  to  locate  the  most  prominent  in  this 
portion  of  the  State  as  follows  : 

Almond,  S.  E.  of  Sec.  29,  S.  W.  Sec.  28,  T.  21,  R.10  E. 

*See  preceding  foot-note.    E.  A.  S. 
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Almond,  Sec.  5,  T.  22  S,  R.  10  E. 

Motley  Mill,  Sec.  4,  T.  24  N.  R.  24  E. 

Handley,  Sec.  22,  T.  20  S.,  R.  12  E. 

Forester's  Chapel,  Sec.  29,  T.  21,  R.  11  E. 

Portions  of  Sees.' 28  and  27,  T.  21,  R.10  E. 

Rock  Mills,  Sec.  27,  T.  21,  R.  13  E. 

The  foregoing  all  occur  on  the  north-western  border  of 
the  Silver  Hill  belt,  except  the  exposures  at  Rock  Mills, 
which  is  in  the  crystalline  region  south-east  of  this 
belt. 

The  exposures  along  the  line  of  strike  of  the  gneiss 
forming  the  north-western  boundary  of  the  Gold ville  belt, 
are  as  follows  : 

Knight's  Mill,  Sec.  35,  T.  20,  R.  9  E. 

Carwile,  S.  E  ±.  Sec.  34,  T.  20,  R.  9  E. 

Wm.  Orr,  N.  W  ±.  Sec.  35,  T.  20,  R.  9  E. 

Dawkins,  Sec.  8,  T.  21,  R.  9  E. 

Grizzle,  N.  W  ±.  Sec.  24,  T.  20,  R.  9  E. 

Blake,  N  i  S.  E  ±.  Sec.  18,  T.  20,  R.  10  E. 

Blake,  Si,  N.  E  ±.  Sec.  18,  T.  20,  R.  10  E. 

Devon,  S.  W  i.  Sec.  18,  T.  20,  R.  10  E. 

Moore  and  Duke,  portions  of  Sec.  23  and  24,  T.  19, 
R.  11. 

The  only  place  where  any  quarrying  is  at  present  be- 
ing carried  on  is  on  the  last  named  exposure,  which  is 
two  and  three- fourths  miles  north  of  Wedowee.  Here  a 
firm  of  bridge  builders,  the  Alabama  Bridge  Company, 
are  quarrying  the  rock  for  piers  and  abutments  for  a  new 
bridge  across  the  Little  Tallapoosa  river  on  the  wagon 
road  to  Heflin.  About  500  tons  will  be  quarried  for  this 
purpose,  and  the  rock  is  pronounced  as  of  a  very  superior 
quality.  An  ample  supply,  I  was  informed  by  the  con- 
tractors, will  be  obtained  without  the  necessity  of 
quarrying  to  any  considerable  depth ;  in  fact,  at  present, 
only  the  rocks  which  have  become  split  by  weathering 
have  been  used. 
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I  can  not  learn  of  this  rock  having  been  quarried  and 
used  for  building  purposes  within  the  boundaries  of  the 
Upper  Gold  Belt,  but  such  has  been  done  at  Rockford 
and  Goodwater  in  Coosa  county  with  very  satisfactory 
results.  The  rock  from  that  vicinity  has  the  same  char- 
acteristics as  that  found  in  Randolph  county,  where  such 
rock  has  hitherto  only  been  utilized  for  gravestones,  mill 
stones  and  chimneys. 

These  belts  of  gneiss  are  followed  on  the  south-eastern 
border  of  the  Goldville  belt  by  the  semi-crystalline  Talla- 
dega slate.  The  general  dip  of  this  entire  Upper  Gold 
belt  section  of  the  crystalline  region  inclines  towards  the 
east  and  south-east.     The  structure  is,  I  notice,  generally 

« 

conformable  at  thq  lines  of  demarcation  between  the 
gneiss,  and  either  the  slates  or  schists ;  and  I  failed  to 
observe  at  any  point  any  special  change  in  the  dip,  or 
any  appearance  of  greater  deformation  than  is  usually 
seen  in.  this  section  of  the  Appalachian  system. ,  The  dip 
generally  throughout  the  Goldville  belt  is  more  nearly 
vertical  than  in  some  other  sections,  but  the  changes  in 
the  dip  at  these  lines  of  demarcation  I  have  referred 
to,  do  not  appear  extraordinary,  as  would  be  the  case  if 
the  gneiss  strata  were  granite  dikes,  though  such  condi- 
tions even  might  be  produced  by  shearing,  which  from 
Dr.  Becker's  report  published  recently  is  that  authority's 
opinion.  A  study  of  the  formations  bordering  this  Gold- 
ville belt  in  the  south-western  direction  demonstrates 
that  these  gneiss  belts  are  continuous,  and  persistently 
maintain  their  places  in  the  series  in  the  Lower  Gold 
belt.  So  that  by  actually  following  along  the  line  of 
strike  on  either  border  of  this  gold  belt  I  am  of  opinion 
that  the  gneiss  will  maintain  its  continuity  longitudinally 
equally  as  persistently  as  do  the  mica  schists,  horn- 
blendes or  slates. 

DETAILS    OF   GOLD  0CCUBEENCE8. 

I  really  took  up  my  work  of  examination  of  the  Upper 
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Gold  belt  near  Almond  P.  0.,  in  the  south-western  corner 
of  Randolph  county,  where  I  made  every  effort  in  my 
power  to  connect,  or  discover  a  north-eastern  extension, 

of  the  gold  bearing  lead,  which  is  described  by  Dr.  Phil- 
lips as  maintaining  its  line  of  strike  so  persistently  from 
Hillabee  creek  to  the  northern  line  of  Tallapoosa  county . 
But  I  could  find  no  occurrence  of  gold-bearing  ore,  so  far 
as  at  present  known,  on  this  belt,  south-east  of  Malone's 
ferry,  Sec,  11,  T.  21,  R.  10  E.     On  the 

Browning  property ,  Sec.  8,  T.  21,  R.  10  E.,  about  two 
miles  north-west  of  the  ferry,  I  found  the  first  occurence 
that  had  been  prospected.  This  is  the  southernmost  ore 
body  in  this  formation  on  which  any  prospecting  had 
been  done  on  the  Upper  Gold  belt.  The  shallow  pros- 
pect pits  exposed  a  low  grade  of  gold-bearing  ore,  but 
the  work,  at  present,  is  insufficient  to  determine  the 
value  of  the  occurrence,  or  any  facts  relative  to  per- 
manency, or  extent  of  the  ore  body. 

From  this  point  I  proceeded  to  the  old  Bradford  settle- 
ment, now  known  as  the 

Goldberg  Mining  District, 

on  Crooked  creek,  on  the  west  side  of  the  Tallapoosa 
river.  This  has  heretofore  generally  been  considered  to 
be  a  north-eastern  extension  of  the  gold-bearing  lead 
from  Hilabee  creek  to  Goldville  in  the  Lower  Gold  belt. 
In  being  located  in  the  same  strip  of  semi-crystalline 
Talladega  slate,  it  may  be  considered  so  still.  But  while 
lying  in  the  same  country  rock,  I  found  that  the  Gold- 
ville *  lead  proper  occupies  a  position  on  the  south-eastern 
edge  of  the  gold-bearing  formation,  while  the  Goldberg 
lead  occupies  a  position  near  the  north-western  edge  of 
the  same  formation.  If  therp  should  ever  be  established 
any  connection  along  the  line  of  strike  of  the  ore  bodies 
in  this  belt,  I  am  of  opinion  that  the  Goldberg  will  be 
found  to  be  continuous  with  Hog  Mountain  lead,  which 

*  In  designating  these  seyes  of  occurances  of  gold  bearing  ore  as 
leads,  I  do  not  use  the  term  with  exactly  the  same  meaning  as  is 
given  to  such  generally  in  the  western  mining  districts,  but  rather 
with  the  meaning  as  defined  by  Webster  "a  guide." — W.  M.  B. 
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also  occupies  the  same  relative  geographical  position  in 
the  belt.  But  from  examination  I  doubt  if  any  of  these 
leads  of  gold-bearing  ore  continue  unbroken  along  the 
line  of  strike  for  any  great  distance . 

I  should,  from  the  indications,  think  that  the  Brown- 
ing prospect  might  be  considered  an  extension  of  the 
Goldville  proper.  To  substantiate  my  conclusions  in 
this  respect  I  find  that  about  4  miles  north  of  Flat  Rock 
(Almond  P.  0.)  several  strong  seams  of  quartz  have 
been  cut  in  working  the  wagon  road  known  as  the  Wes- 
obulga  and  Flat  Rock  road,  but  such  are  barren  at  this 
point.  These  veins  or  seams  apparently  persist  through 
a  prominent  ridge,  which  is  situated  geographically  to 
the  north-east  of  the  Birdsong  pits  near  Goldville  P.  0., 
and  in.  the  same  semi-crystalline  slate  formation,  having 
the  line  of  strike  corresponding  with  that  of  the  strata 
in  the  Lower  Gold  belt.  The  discoveries  in  the  Goldberg 
district  are  four  miles  north  of  the  general  line  of  strike 
of  the  Goldville  lead  proper. 

The  point  where  the  south-westernmost  discovery  of 
gold-bearing  ore,  on  this  belt  in  the  Upper  Gold  region, 
was  made  is  on  the 

Dawkin's  property,  S.  E.i  Sec.2,  T.21yR.  9  E.  The 
work  comprises  some  openings  made  prior  to  1860,  from 
which  I  obtained  some  ore  ;  a  slightly  decomposed-quartz. 
By  panning  I  failed  to  get  colors;  although  the  showing 
of  sulphurets  was  good,  and  there  was  some  indication 
that  a  fire  assay  would  probably  show  a  satisfactory 
yield  in  gold. 

Within  the  recollection  of  some  of  the  oldest  settlers  a 
"pounding  mill,"  as  it  was  designated,  was  operated 
near  the  location  of  these  old  openings  ;  and  the  ore 
mined  from  them,  was  there  treated   by  amalgamation. 

My  attention  was  next  directed  to  some  recently  dug 
openings  or  shallow  prospect  holes,  on  the  crest  of  a 
ridge,  on  this  same  property.     The  surface  of  this  ridge 
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i9  plentifully  covered  with  quartz  float,  and  ledges  of 
quartz  outcroppings,  several  in  number,  with  their  lines 
of  strike  parallel,  and  having  a  trend  nearly  north. 
These  holes  I  found  to  be  too  shallow  to  enable 
me  to  determine  the  structure  of  the  occurrences;  whether 
they  should  be  classed  as  bedded  veins  or  as  belonging 
to  a  stratified  deposit. 

The  ore  when  panned  yielded  fair  prospects  in  free 
gold.  It  is  so  far  as  exposed,  of  the  character  and  ap- 
pearance of  a  feldspathic  quartzite,  somewhat  decom- 
posed, and  stained  with  oxide  of  iron.  The  feldspar  was 
decomposed,  and  kaolin  appeared  as  the  secondary  pro- 
duct. 

The  outcrops  of  some  of  these  strata  can  be  traced  to, 
or  rather  appear  again  above  the  surface  on  the  crest  of 
another  ridge,  about  400  feet  distant  in  a  southerly  direc- 
tion. 'Judging  from  the  strike  these  may  prove  to  be 
extensions  of  those  exposed  in  the  old  openings  on  this 
property.  But  such  can  not  be  determined  because  no 
work  has  been  done  to  establish  or  demonstrate  such 
continuity  to  be  a  fact,  and  the  outcrops  can  not  be  traced 
above  the  surface  except  on  the  crests  of  the  hills.  The 
location  of  this  plantation  is  near  the  forks,  and  com- 
prises the  land  enclosed  by  White  Oak  and  Wesobulga 
creeks /near,  and  for  some  half  a  mile  above,  their  con- 
fluence in  Clay  county. 

Knight's  Mill,  S.i  S.  E.  ±  Sec.  35,  T.  20 ,R.  9  E.—At 
this  point  is  a  clearly  defined  line  of  demarcation  in  the 
formation,  between  the  Talladega  slate  and  bed  of  gneiss, 
having  somewhat  of  a  porphyritic  character.  This 
gneiss  extends  to  the  southward  half  a  mile  or  so,  but 
its  structure  conforms,  both  on  the  north-western  and 
south-eastern  edges,  with  that  of  the  semi-crystalline 
slate  country  rock . 

Narrow  quartz  veins  are  found  imbedded  in  the  gneiss, 
some  of    which   prospect  colors  by  panning.     But  such 
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are  too  thin,  to  ever  offer  any  inducement  for  prospecting, 
being  only  from  a  half  inch  to  four  inches  thick  at  the 
outcrop. 

W.D.  Mitchell7 s  property ,  S.  1,T.21,  R.  9  E.— Follow- 
ing  White  Oak  creek  down  to  its  confluence  with  Weso- 
bulga  creek  on  to  this  property,  I  found  an  occurrence 
of  gold-bearing  ore  a  short  distance  below  the  junction 
of  the  two  creeks ;  in  a  field  adjoining  the  Heflin  and 
Louina dirt  road  on  the  south.  Shallow  prospect  holes 
had  been  sunk  on  a  ridge  where  a  vein  or  seam  of  hard 
quartz,  stained  with  iron  oxides,  had  been  exposed  bedded 
between  the  strata  of  slate.  The  strike  of  this  was 
slightly  ea3t  of  north,  with  its  dip  towards  the  S.  E.  at 
an  angle  of  35  deg.  The  ore  panned  satisfactory  results 
in  free  gold ;  but  pan  tests  on  all  the  ore  sin  this  belt,  I  , 
found,  after  testing,  to  fail  to  give  as  good  results  as 
could  be  obtained  by  roasting  and  pan  amalgama- 
tion. 

I  am  unable  to  give  the  exact  yield  of  any  of  the  ores, 
except  of  a  few  samples  assayed  by  Dr.  J.  H.  Pratt  for 
the  survey  ;  because  in  the  field  I  lacked  facilities  for  as- 
saying the  same.  In  making  tests  I  am  under  obliga- 
tions to  Mr.  George  Camp,  a  veteran  prospector  from  the 
West,  for  valuable  assistance,  while  in  this  district.  By 
the  aid  of  a  blacksmith  forge,  a  frying  pan,  mercury  and 
porcelain  bowl  we  amalgamated  samples  with  an  exact- 
ness hardly  fo  be  expected  with  such  crude  appliances. 
As  we  had  no  balances  we  could  not  determine  the  values 
of  the  ores  except  approximately,  and  as  such  estimates 
are  liable  to  prove  faulty,  I  have  refrained  from  quoting 
figures.  However  in  cases  when  I  state  that  a  test 
proved  satisfactory,  I  am  satisfied  that  $5.00  a  ton  is  a 
conservative  estimate. 

It  was  on  this  same  property,  and  in  close  proximity  to 
the  last  occurrence  mentioned,  that  I  saw  work  done  on 
another  quartz  seam .   This  exposed  such  a  rich  kidney  or 
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pocket,  as  is  rarely  encountered.  The  seam  of  quartz 
outcropped  on  the  same  ridge,  as  the  first  I  have  men- 
tioned, on  this  Mitchell  property,  but  distant  about  100 
yards  in  a  south-easterly  direction.  The  dirt  road  before 
mentioned  cross  cut  the  quartz  seam,  and  on  the  north- 
ern side  of  the  road  the  cut  was  about  8  feet  deep. 

I  had  previously  been  told  of  a  very  rich  pocket  of  ore 
having  been  discovered  on  this  same  body  several  years 
before.  The  discovery  though  had  not  been  followed  by 
any  systematic  work  ;  and  the  hole  that  was  sunk  at  that 
time  it  was  claimed  had  been  filled  in  by  the  road 
workers . 

The  story  appeared  to  me  to  possess  many  of  the  ear- 
marks of  an  Arabian  Nights  romance  ;  but  Bob  Bradford 
a  local  prospector  insisted  that  he  believed  he  could,  by 
following  the  dip  of  the  vein,  which  is  about  3.5  degrees 
towards  the  south-east,  discover  another  pocket.'  My 
curiosity  prompted  me  to  witness  his  work. 

After  sinking  about  4  feet  below  the  surface  of  the 
wagon  road,  he  was  as  good  as  his  word,  and  took  from 
a  pocket  or  kidney  in  the  quartz  vein  about  75  pounds 
of  ore.  This  had  all  the  characteristics  of  arseno-pyrite 
or  mispickel,  and  when  roasted  showed  that  such  was 
the  nature  of  it.  During  the  roast  the  arsenic  and  sul- 
phur were  sufficiently  eliminated  to  set  free  the  gold, 
when  by  stiff  pan  amalgamation  li  pounds  of  the  ore 
yielded  a  button  of  gold  of  the  value  of  17  cents,  or  nearly 
$300  a  ton.  Future  work  at  the  same  place  failed  to 
show  any  more  such  pockets,  but  such  work  only  attained 
an  increased  depth  of  about 6  feet.  The  thickness  of  the 
quartz  vein  at  the  depth  attained  was  12  incjies.  It  is 
apparently  interleaved  between  the  slates.  The  float  as 
well  as  some  outcroppings  would  indicate  that  it  may 
persist  along  the  strike  of  the  formation  parallel  with 
the  seam  of  quartz  I  first  examined  on  this  same  prop- 
erty, and  have   already   referred  to.     The  dip  of  both 
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these  quartz  eeams  is  in  the  direction  of  the  gneiss  rock 
I  found  interstratified  with  the  slates,  and  which  shows 
in  a  mass  above  the  surface,  30  feet  to  the  south-east  of 
the  prospect  hole  in  which  the  pocket  was  discovered. 

On  the  north-eastern  extension  of  this  ridge  and  about 
200  feet  from  the  road  another  prospect  hole  had  been 
sunk  which  exposed  still  another  vein  of  gold-bearing 
quartz,  with  its  strike  parallel  to  the  two  first  mentioned, 
and  dipping  conformably  with  the  formation,  and  also 
with  the  dips  of  the  other  quartz  bodies.  The  structure 
of  these  ore  bodies  as  well  as  their  permanency  ajid  ex- 
tent, can  only  be  determined  after  more  work  has  been 
done . 

My  own  opinion  is  that  they  will  continue  down  con- 
formably with  the  stratigraphy  or  cleavage  of  the  coun- 
try rock,  and  be  subject  to  the  same  folding  and  faulting 
as  that  has  sustained. 

.  The  gravel  in  Wesobulga  creek  prospects  well  in  placer 
gold,  at  the  crossing  of  the  Heflin  and  Louina  dirt  road* 

Farrar property  N.  W.  to/S.  W.  i  Sec.  86,  T.  20,  R.  9  E. 
On  this  property  my  attention  was  directed  to  some  old 
workings,  consisting  of  a  tunnel  50  feet  long,  and  a  deep 
shaft ;  where  mining  operations  had  been  carried  on  be- 
fore the  war  of  '61  to  '65.  In  the  tunnel,  which  I  ex- 
plored, I  found  some  goid-bearing  quartz  which  pros- 
pected by  panning.  But  I  was  unable  to  determine  the 
extent  or  character  of  the  ore  body  in  place,  because  of 
the  dangerous  condition  of  the  opening. 

This  was  really  a  cross  cut,  having  been  run  at  right 
angles  to  the  strike  of  the  formations ;  from  the  size 
and  appearance  of  the  dumps,  as  well  as  condition  and 
extent  of  the  openings,  these,  workings  must  have  been 
quite  extensive  for  their  date.  However,  I  could  find 
no  outcrop  exposing  rock  in  place  in  the  vicinity  of  any 
of  these  old  workings,  although  pieces  of  quartz  float  of 
a  sugary  character,  stained  with  iron  oxide,  and  consid- 
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erably  decomposed  were  very  plentiful  on  the  surface  ; 
covering  several  acres. 

The  only  recent  work  performed  on  this  property 
which  exposed  the  occurrence  of  gold-bearing  quartz, 
was  the  sinking  of  a  well  in  which  a  ledge  of  quartz  15 
inches  thick  was  cut  near  the  surface.  The  strike  of 
this  is  slightly  north  of  east  and  south  of  west,  with  its 
dip  towards  the  south  at  an  angle  of  25  degrees. 

The  slate  country  rock  underlying  this  seam  of  quartz 
was  mineralised,  and  prospected  by  panning  as  also  did 
the  quartz  from  the  vein. 

One*  of  the  legends  of  the  neighborhood  is  to  the  effect, 
that  in  the  ante-bellum  days,  old  Mrs.  Farrar  used  to 
pan  in  the  branches  which  flow  through  this  property. 
From  the  gold  she  obtained,  the  story  goes,  she  was  able 
to  furnish  herself  with  all  the  pocket  money  she  needed , 
besides  supplying  the  table  with  coffee,  sugar  and  other 
luxuries. 

W.  D.  Mitchell  S.  W.  ±  of  N.  W.  i  Sec .36,  T.  20,  R.9E. 
This  property  adjoins  the  Farrar  tract  on  the  north. 
Gold-bearing  ore,  very  highly  sulphuretted,  and  having 
the  characteristics  of  arsenopy rite,  occurs,  and  a  shallow 
prospect  hole  had  been  sunk,  but  the  work  was  insuffi- 
cient to  enable  one  to  determine  anv  facts  as  to  extent, 
permanency,  or  value  of  the .  prospect.  The  ore  yielded 
satisfactory  results  when  roasted  and  treated  by  pan 
amalgamation. 

No  outcrop  was  exposed  on  the  surface,  so  that  no  idea 
could  be  formed  of  the  occurrence,  beyond  the  showing 
in  the  shallow  pit.  This  class  of  ore  I  usually  found 
nearer  to  water  level,  but  in  this  instance  it  occurred  on 
the  crest  of  a  high  ridge,  and  close  to  the  surface. 

Dr.  Manning' 8  Property,  Portions  of  Sees.  25  and  36,  T. 
20,  R.9  E. — A  portion  of  this  property  forms  one  of. the 
old  land  marks,  with  regard  to  placer  diggings.  These 
must  have  been  worked  not  less  than  60  years  ago,   for 
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the  tailing  dumps  are  buried  under  two  feet  of  soil  to- 
day, and  trees  10  to  12  inches  through  have  grown 
thereon.  From  all  appearances  placer  mining  must  have 
been  carried  on  quite  extensively  here  in  days  gone  by. 
But  the  deposits  were  not  entirely  worked  out,  because 
at  the  present  time  good  prospects  are  obtained  in  coarse 
gold,  from  nearly  any  of  the  gravel  bars  in  the  creek 
beds.  However  these  bars  are  not  extensive,  and  would 
hardly  pay  to  work.  Most  of  these  old  diggirjgs  were  on 
branches  which  empty  into  Crooked  Creek  on  this  prop- 
erty, and  the  section  adjoining  it  on  the  south. 

Gold-bearing  ore  bodies  also  occur  in  the  quartz. 
From  the  appearance  of  these  ore  bodies  at  several  open- 
ings on  the  crest  and  near  the  base  of  a  steep  ridge,  I 
am  inclined  to  class  such  as  stratified  deposits  rather 
than  veins,  because  the  strata  of  gold-bearing  rock, 
and  decomposed  mineralised  slate  lie  conformably  with 
the  general  formation,  are  in  fact  a  portion  of  that 
formation,  having  no  well  defined  walls. 

The  general  line  of  strike  is  about  N.  40  deg.  E. 
but  at  some  of  the  openings  the  folding 
has  been  so  violent  and  extreme,  that  the  formation  has 
no  general  lines  of  strike  and  dip ;  but  both  are  abnor- 
mally twisted  and  contorted,  and  point  in  nearly  every 
direction.  This  state  of  facts  though  is  only  local.  At 
one  opening  in  particular  the  crest  of  an  anticlinal 
curve  is  clearly  defined .  Several  thin  veins  of  quarts- 
very  much  .stained  with  iron,  but  quite  hard,  cut  the 
formation  at  right  angles.  These  pan  very  richly,  but 
are  so  thin ,  no  work  has  been  done  with  a  view  of  devel- 
oping them.  # 

The  richest  pan  tests  so  far  obtained  in  this  district  in 
free  gold,  I  got  from  average  samples  on  this  property. 
Assays  made  by  Dr.  Pratt  yielded  from  samples  taken  on 
Sec.  36,  $23.03  a  ton  and  $10.42  a  ton.  These  were  'se- 
lected at  haphazard,  and  not  from  systematic  sampling. 
8 
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The  ore  in  the  stratified  deposits  from  the  lower  strata 
has  arseno-pyrite  characteristics,  carrying  on  excess  of 
sulphur  and  arsenic ;  but  near  the  surface  it  has  become 
oxidised,  and  is  of  a  free  milling  nature. 

Coskrell,  iV.  E.i  of  8.  E.i  Sec.  25,  T.  20,  R.  9  E.— This 
property  joins  the  Manning  on  three  sides,  the  north, 
west  and  south ;  and  the  waters  of  Crooked  Creek  flow 
through  the  north-east  corner.  Here  the  creek  has  been 
dammed,  the  water-power  being  utilized  to  run  a  grist 
mill  and  gin. 

A  short  distance  to  the  north-west  of  the  mill,  occurs 
the  outcrop  of  a  gold-bearing  quartz  seam,  between  slate 
walls,  with  its  dip  south-east'on  an  angle  of  25  deg.  The 
hanging  wall  (where  exposed  in  a  shallow  pit)  is  more 
vertical  than  the  foot  wall,  and  if  such  a  conditition 
is  continuous  for  any  considerable  distance  in  depth, 
the  permanency  of  the  ore  body  is  certainly  endangered. 
The  openings  were  all  quite  shallow,  indeed  so  much  so, 
that  nothing  beyond  the  occurrence  of  the  ore  between 
the  slates  could  be  determined.  The  character  of  the 
ore  is  the  same  as  I  have  before  referred  to  a^  a  felds- 
pathic  quartzite.  Usually  on  this  belt  where  ore  of  this 
character  occurs  near  the  surface,  it  is  replaced  as  depth 
is  attained  by  a  more  or  less  decomposed  quartz  and  sul- 
phuretted ore,  from  which  in  some  cases  rich  results  are 
obtained,  This  feldspathic  quartzite,  which  appears 
closely  allied  to  mica-less  granite,  in  general  appearance, 
rarely  gives  more  than  colors,  and  often  only  sulphu rets. 
From  this  last  described  property  I  crossediCrooked  Creek , 
which  here  forms  the  boundary  line  between  Clay  and 
Randolph  counties ;  leaving  the  first  named  and  entering 
the  precincts  of  the  last. 

Goldberg  Mining  Company,  S.  W.i,  Sec.  SO,  T.  20  R.  10 
/?.— From  the  Manning  property  in  Sec.  36  I  had  followed 
by  observation  the  lead  of  gold-bearing  ore,  and  discovered 
that  in  a  north-easterly  direction,  as  you  ascended  the  slope 
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of  a  ridge  the  float  and  outcrop  denoted  another  body 
or  an  extension  of  the  first.  This  ridge  is  continuous, 
except  where  the  waters  of  Crooked  Creek  have  cut  a 
channel  through  it,  for  some  considerable  distance,  and 
is  locally  known  as  the  "Bradford  Ridge."  On  this,  and 
another  parallel  ridge,  the  company  from  which  this 
district  derived  its  name,  performed  prospect  work  in 
1893. 

The  work  done  was  of  a  more  extensive  nature,  and 
more  systematic  than  on  most  of  the  properties  I  had 
examined  on  this  Upper  Gold  belt  to  the  south-west. 
From  it  I  was  enabled  to  form  a  more  comprehensive 
idea  of  the  structure,  extent,  and  nature  of  the  ore  body. 
At  ene  point  an  open  cut  showed  a  thickness  of  pay  ore 
16  feet.  At  another  a  shaft  sunk  on  an  incline  conform- 
ably to  the  dip  of  the  formation,  and  with  the  dip  at  an 
angle  of  about  20  deg.  towards  the  south-east,  was  in  ore 
for  a  distance  of  50  feet  from  the  mouth.  This  showed 
a  thickness  of  6  feet  of  ore  at  the  face,  with  ore  still  be- 
low the  floor. 

These  openings  were  made  on  the  Bradford  ridge,  a 
short  distance  north-east  of  Crooked  Creek. 

The  first  of  these  (the  open  cut)  showed  all  the  char- 
acteristics of  a  stratified  deposit,  composed  of  quartzite, 
slate  and  clay  interleaved,  and  capped  by  a  hard  quartz. 
J?o  walls  enclosing  this  ore  body  could  be  discovered  ;  the 
entire  thickness  prospected,  and  sotae  of  the  strata 
yielded  quite  rich  results.  The  dip  of  this  deposit  con- 
formed with  that  of  the  formation  in  the  shaft.  But  at 
the  heading  in  this  shaft  the  dip  increased  to  an  angle  of 
about  45  deg. ;  there  water  interfered  with  further 
progress.  The  ore  body  at  this  point  was  more  solid, 
and  the  distinction'between  pay  ore,  and  country  rock 
better  defined. 

B|From  the  increased  angle  of  the  dip  together  with  this 
change  in  the  ore  body,  I   was  led   to  believe    that    as 
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depth  was  attained  the  structure  might  change   and  as- 
sume the  characteristics  of  a  segregated  or  bedded  vein. 

This  theory  I  found  sustained  by  the  conditions  at 
the  Franklin  mine  in  Cherokee  county,  Ga.,  which  I  vis- 
ited in  1893  ;  the  country  rock  was  a  mica-schist  though, 
instead  of  slate.  The  solid  formation  at  that  mine 
was  encountered  at  a  depth  of  115  feet.  Sinking  was 
continued  on  an  incline  shaft  until  it  reached  a  depth  of 
,  425  feet,  on  an  incline  of  45  degs.  From  the  point  where 
the  solid  formation  displaced  the  decomposed  material, 
well  defined  slate  walls  enclosed  an  ore  body  of  about  16 
feet  in  thickness,  bedded  in  conformity  with  the  dip  of 
the  slate,  and  apparently  continuing  down,  an  undeter- 
mined depth. 

Above  this  solid  formation,  I  was  reliably  informed 
that  the  body  was  composed  of  such  strata  of  quartzite 
and  mineralized  schist  with  clay  as  occurs  on  the  Gold- 
berg property,  the  only  difference  being  the  nature  of 
the  country  rock  and  the  angle  of  the  dip.  Besides  the 
two  openings  I  havementioned  on  the  Goldberg  property 
on  the  Bradford  ridge,  I  found  several  others  of  greater 
or  less  extent,  along  the  line  of  strike  of  the  ore  body. 
In  all  of  these  the  same  character  of  ore  had  been  exposed, 
which  tended  to  show  that  the  body  was  continuous  along 
the  strike,  a  considerable  distance.  The  ore,  as  depth  was 
attained  in  the  incline  shaft,  carried  a  greater  percent- 
age of  sulphurets,  and  after  roasting,  prospected  much 
richer  than  at  the  surface .  While  the  average  yield  will 
not  exceed  $5.00  per  ton,  yet  some  picked  samples  have 
assayed  as  high  as  $100.00. 

The  following  assays  from  this  property  were  mad,e  for 
the  survey  by  Dr.  Pratt,  of  Birmingham,  Ala.,  from 
samples  taken  at  haphazard  :  $5.15,  $3.14,  $2.56  a  ton 
respectively . 

On  a  ridge  parallel  to  and  a  short  distance  to  the  north- 
west of  the  Bradford  ridge,  and  within  the   boundaries 


GOLDVILLE  AND  HOG  MOUNTAIN  BELT.  37 

of  this  same  property,  several  shallow  openings  had  been 
made  exposing  gold-bearing  ore.  But  the  work  was  not 
sufficiently  extensive  to  enable  me  to  determine  any 
facts,  except  that  from  the  dip  of  the  strata  of  these  ore 
bodies,  if  the  continuity  is  maintained  across  the  trough 
dividing  the  two  ridges ;  these  last  mentioned  strata 
would  underlie  the  ore  body  already  exposed  on  the 
Bradford  ridge. 

My  attention  was  also  directed  to  some  thin  true  veins 
cross-cutting  the  formation,  on  this  northerly  ridge. 
These  vary  in  thickness  from  6  inches  to  15  inches,  and 
pan  much  richer  than  the  stratified  deposits.  No  work 
has  been  done  on  any  of  them  to  show  what  results 
would  follow  from  development.  The  ore  is  a  very  hard 
quartzite,  very  much  stained  with  iron  oxide,  and  at  the 
surface  free  from  sulphurets. 

On  the  north  side  of  Crooked  Creek,  the  gold-bearing 
belt  appears  to  widen  out  as  you  follow  it  towards  the 
north-east . 

The  Goldberg  Company  having  determined  to  their 
satisfaction  the  character,  and  partially  the  extent  of 
the  ore  body,  talked  of  making  preparations  to  perform 
permanent  development  work,  and  erect  a  plant  for 
treating  the  ore.  At  the  present  titne  though  all  work  by 
this  company  has  been  suspended. 

The  ore  is  of  a  refractory  nature  and  will  not  yield  to 
treatment  by  ordinary  amalgamation.  Because  while 
the  percentage  of  free  gold  is  large  ;  yet  the  presence  of 
arsenic,  sulphur,  with  sometimes  traces  of  antimony  and 
copper  certainly  place  it  in  the  refractory  or  rebellious 
list. 

Bradford  Fraction,  Sec.  SO,  T.  20,  R.  10  E. — This  prop- 
erty consists  of  30  acres  in  the  extreme  S.  W.  corner  of 
the  section,  and  comprises  a  high  ridge  which  extends  to 
the  north-east  from  Crooked  Creek  parallel  with  the 
Bradford  ridge,  I   have  before  mentioned,  and   distant 
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about  half  a  mile  to  the  north-west.  Here  I  found  an 
opening  on  an  ore  body  with  its  line  of  strike  nearly 
north-east  and  south-west,  and  dipping  .almost  flat  to- 
wards the  south-east.  The  ore  has  the  same  appearance 
as  the  feldspathic  quartzite  referred  to  as  occurring  in 
other  locations  in  this  district.  At  another  location 
on  lower  ground,  the  ore  is  an  arseno-pyrite,  somewhat 
resembling  gray  copper,  but  sometimes  showing  free 
gold  visible  to  the  naked  eye. 

These  openings  were  not  of  sufficient  extent  at  the 
time  of  my  visit  to  enable  me  to  form  any  opinion  as  to 
value,  or  extent. 

Assays  by  Dr.  Pratt  of  two  samples  from  this  property 
yielded  $5.15  and  $3.95  a  ton  in  gold. 

Bradford  Ridge,  N.  W.  i  of  S.  E.i  Sec.  80,  T.  20y 
R.  10  E. — On  the  Bradford  Ridge  proper,  of  which  the 
Goldberg  ore  body  is  in  the  south-western  extension,  I 
find  more  extensive  prospecting  work  has  been  per- 
formed than  elsewhere  in  the  district.  Several  openings 
have  been  made  about  a  quarter  of  a  mile  north-east  of 
the  Goldberg  property . 

The  first  I  visited  is  an  open  cut,  run  into  the  hillside 
until  a  breast  20  feet  in  thickness  was  attained.  This  is 
composed  of  strata  of '  quartzite,  decomposed  slate  and 
clay  ;  the  whole  mass  apparently  being  gold-bearing,  and 
forming  a  stratified  ore  deposit.  Prof.  Aughey  informed 
me  that  from  three  picked  samples  representing  this  en- 
tire thickness,  assays  showed  $17.75,  $18.00  and  $16.50 
a  ton  in  gold  respectively. 

From  this  heading  I  took  several  samples  at  haphaz- 
ard, some  of  which  assayed  by  Dr.  Pratt,  of  Birming- 
ham, only  yielded  $7.23,  $7.75,  and  $5.15  in  gold  a  ton 
respectively. 

Beyond  the  heading  of  the  open  cut  it  was  found  ad- 
visable to  tunnel,  and  as  the  work  progressed  the  ore 
became  harder  and  the  body  more  concentrated.     At  oiie 
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point  the  strata  of  decomposed  slate  and  clay  disap- 
peared, leaving  a  solid  ore  body  eight  feet^thick.  At  a 
distance  of  about  50  feet  from  the  face  of  the  cut,  the  dip 
of  the  ore  body  becomes  more  inclined  towards  vertical; 
and  at  the  heading  of  tunnel,  50  feet  farther,  it  assumed 
an  arc  like  shape ;  the  ore  body  apparently  continuing 
down  with  an  almost  vertical  dip. 

Here  sinking  was  commenced,  and  had  progressed  to 
a  depth  of  about  five  feet  when  I  last  saw  it.  The  winze 
was  in  ore,  but  water  was  rising  and  threatened  to  inter- 
fere with  the  work  unless  pumping  was  resorted  to  ;  for 
which  no  provision  had  been  made.  The  ore  from  this 
winze  is  highly  sulphuretted  and  of  the  arseno-pyrite 
variety,  carrying  both  arsenic  and  sulphur  in  combina- 
tion with  the  gold.  (The  richest  ore  found  on  this  ridge, 
so  far  as  concerns  free  gold,  is  a  quartzite  of  reddish 
color,  very  much  decomposed  and  porous.) 

The  open  cut  and  tunnel  do*  not  drift  on  the  ore  body 
along  the  line  of  strike,  nor  exactly  cross  cut  it ;  but  the 
opening  has  been  run  on  an  angle  between  the  strike  and 
dip,  consequently  it  does  not  expose  the  true  thickness 
of  the  body,  and  is  no  guide  by  which  to  estimate  extent. 

Other  openings  to  the  south-east  of  this  open  cut  and 
tunnel  show  bodies  of  ore  overlying  or  overlapping  the 
one  exposed  in  that  opening,  at  irregular  intervals. 
These  are  all  shallow,  and  afford  little  data  to  base  esti- 
mates on.  There  is  one  shaft  which  has  been  sunk  some 
50  feet.  In  this,  one  stratum  of  ore  occurs  near  the  bot- 
tom, and  work  was  suspended  before  the  entire  thick- 
ness was  cross  cut.  The  shaft  has  not  been  sunk  deep 
enough  to  cross  cut  the  downward  extension  of  the  ore 
body  exposed  in  the  main  tunnel. 

The  ore  in  all  these  openings  bears  the  same  general 
characteristics,  becoming  more  sulphuretted  towards 
water  level.  Assays  yielded  $5.70,  $5.44,  $3.99,  $3.95  a 
ton  in  gold.     A  ten-stamp  mill,  fitted  with  stamps  weigh- 
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ing  100  pounds  each,  has  been  run  on  this  ore  for  some 
time  by  inexperienced  operators.  With  what  degree  of 
success  as  to  saving  the  gold,  I  could  not  ascertain  ;but 
from  the  fact  that  all  operations  have  been  abandoned 
since  my  examination,  I  am  of  opinion  that  failure  re- 
sulted, as  I  anticipated  would  be  the  case. 

A  branch  which  flows  at  the  south-east  base  of  the 
ridge  on  this  property  has  been  the  scene  of  some  placer 
mining  operations,  and  the  gravel  in  its  bed  at  places 
still  prospects. 

John  Turner's  Property  E.i  of  S.  E.  ±  of  Sec.  30,  T.  20, 
R  10  E.,N.  E.  i  of.N.  E.  i  Sec.  31,  T.20,R.  10  E., 
also  a  fraction  of  S.  E.  i  of  N.  E.  i  of  Sec.  31,  T.  20, 
R.  10  E. — I  have  described  this  property  thus  minutely  be- 
cause someoccurrences  of  gold  bearing  ore  are  found  on 
each  tract.  The  property  consists  chiefly  of  three  ridges 
with  Crooked  Creek  flowing  between  two  of  them  ;  and 
the  branch  I  have  already  referred  to  as  on  the  Bradford 
property,  forming  the  dividing  line  between  the  Goldberg 
and  Turner  properties,  as  it  flows  towards  its  conflu- 
ence with  Crooked  Creek. 

The  bottoms  on  each  side  of  this  branch  are  wider  be- 
tween the  Goldberg  and  Turner  properties  than  on  the 
Bradford.  Pay  gravel  beds  extend  some  little  distance 
on  both  sides  of  this  branch  ;  but  not  sufficiently  rich  to 
pay  for  sluicing,  though  panning  shows  prospects. 
Crooked  Creek  is  a  bold  stream  with  considerable  fall  to 
supply  power  for  machinery,  as  it  winds  between  the 
ridges,  and  would  afford  ample  water  for  hydraulic  min- 
ing besides,  should  investigation  demonstrate  the  gravel 
bars  to  be  of  sufficient  extent  and  value  for  such  opera- 
tions. 

The  ridge  in  Sec.  31  presents  many  features  of  inter- 
est. Although  the  summit  is  now  about  100  feet  above 
the  level  of  the  creek,  yet  in  the  far  distant  past,  this 
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was  evidently  occupied  by  the  stream  when  it  flowed  at 
a  higher  level,  before  it  had  cut  its  present  channel. 
To-day  the  lines  formed  by  the  receding  waters  are  ap- 
parent, and  on  the  highest  point  iron  garnets,  or  limonite 
pseudomorphs  resulting  from  the  decomposition  of 
pyrite,  with  the  edges  worn  entirely  round,  as  large  as 
45  calibre  bullets  can  be  picked  up  on  the  surface  by  the 
handful,  as  well  as  pebbles,  and  gravel  also  water- worn 
into  rounded  shape. 

The  surface  of  tlris  ridge  prospects  in  places,  especially 
in  the  gullies  on  the  sides  ;  and  I  am  informed  that  some 
fairly  large  nuggets  have  been  found  in  Crooked  Creek, 
near  the  base  of  this  ridge. 

Some  shallow  prospect  holes  expose  the  occurrence  of 
an  ore  body  of  gold  bearing  quartz  ;  samples  from  which 
showed  colors  in  the  pan.  But  the  work  has  not  been 
sufficient  to  enable  me  to  determine  the  extent  or  struc- 
ture. 

Crossing  the  creek,  I  found  some  prospecting  had  been 
done  at  the  south-east  side  and  at  the  base  of  another 
ridge ;  this  is  the  ore  I  have  referred  to  as  being  sep- 
arated from  the  Goldberg  property  by  the  branch  which 
empties  into  Crooked  Creek,  and  forms  the  dividing  line. 
It  is  located  in  Sec.  30,  and  has  its  trend  parallel  to  the 
Bradford  ridge. 

The  work  at  the  base  resulted  in  exposing  some  ore, 
carrying  an  excess  of  arsenical  pyrite,  which  assays 
showed  was  of  too  low  grade  for  profitable  mining.  But 
on  the  crest  of  this  ridge  several  shallow  openings  ex- 
posed a  body  of  gold-bearing  quartz  of  a  free  milling 
variety,  which  bore  many  of  the  characteristics  of  the 
quartz  found  in  the  thin  veins  on  the  Bradford  fraction . 
By  panning  I  obtained  good  results  from  nearly  every 
sample  I  had  selected  at  haphazard.  However,  the  pits 
were  all  too  shallow  to  show  more  than  the  occurrence  of 
the  ore ;    except     but     being  sunk  along    the    line    of 


42  GBOLOGICAL  SURVEY  OF  ALABAMA. 

strike    at    frequent    intervals,     proved    that  ore-body 
was  apparently  continuous  in  that  direction. 

W.  D.  Mitchell's  property,  W.iN.E.i  and  S.E.  i 
N.  E.  i  Sec.  30;  also  N.  E.  i  S.  W.  i  Sec.  19,  T.  20, 
R.  10  E. — This  has  been  prospected  in  several  open- 
ings, and  three  distinct  ore  bodies  exposed.  One  known 
as  the  Pine  Hill  Mine  is  located  on  the  S.  E.  ±  N.  E.  i 
Sec.'  30.  This  is  apparently  an  extension  of  the  ore  body 
on  the  Bradford  ridge,  as  it  possesses  all  or  nearly  all 
the  characteristics  of  that  occurrence,  with  the  same 
trend  and  dip  ;  as  well  as  structure  of  the  ore  body,  and 
nature  of  the  ore . 

The  work  done  in  prospecting  in  the  early  spring  of 
1896  consists  of  one  incline  shaft  about  80  feet  deep,  and 
some  other  pits  of  less  depth  along  the  line  of  strike ;  as 
well  as  a  drift  run  at  right  angles  to  the  shaft  40  feet 
below  the  surface.  Some  samples  from  this  prospect 
quite  richly ;  but  a  fair  average  showed  it  to  be  not  over 
$5.00  ore.  The  drift  has  been  run  100  feet  and  shows 
that  the  ore  body  is  continuous.  Cross  cuts  show  its 
extreme  thickness  to  be  14  feet,  and  its  average  not  less 
than  6  feet,  so  far  as  exposed   in  the  workings. 

On  the  tract  in  Sec.  19  a  vein,  with  its  strike  almost 
due  east  and  west,  and  dip  vertical,  occurs.  This  pos- 
sesses many  of  the  characteristics  of  a  true  vein,  but  is 
only  about  six  inches  thick  at  the  outcrop,  widening 
though  to  twelve,  within  ten  feet  depth,  and  twenty-four 
at  eighteen  feet  depth.  This1  is  as  deep  as  it  has  been 
sunk  on,  which  is  hardly  sufficient  to  determine  what 
results  further  development  will  show.  But  sufficient  to 
warrant  its  being  classed  as  a  good  prospect ;  especially 
as  the  ore  is  free  milling,  and  richer  in  the  average  yield 
than  any  in  the  district.  Fifty  feet  to  the  north  of  this 
occurs  another  vein  possessing  the  same  characteristics 
as  the  first,  and  eighteen  inches  thick  where  exposed. 

Adjoining  this  property  on  the  north  and  north-west, 
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we  find  the  extensive  beds  of  gneiss,  in  which  are  the 
flat  rocks  (granite),  known  as  the  Blake's  Ferry  flat 
rocks,  and  in  which  no  occurrences  of  gold-bearing  ore 
have  been  discovered. 

Teakle  property ,  W.  i  N.  IF.  i;  N.  W.  i  S.  W.  i;  S. 
E.  i  N.  W.  i  ;  Sec.  29,  T.  90,  R.  10  E.— This  property, 
together  with  some  adjoining  tracts  located  at  the  con- 
fluence of  Crooked  Creek  and  the  Tallapoosa  River,  is 
locally  known  as  "Hunt's  Quarters," — deriving  its  name 
from  the  fact,  that  dupag  the  war  a  man  named  Hunt 
bought  a  number  of  negroes  from  the  State  of  Missis- 
sippi and  kept  them  here.  A  series  of  ridges  extend 
acrbss  this  property  with  their  lines  of  strike  N.  E. 
except  at  a  few  places  where  folding  by  lateral 
pressure  has  bent  the  semi-crystalline  slate  formation 
from  the  normal  line.  These  cases  are  only  local,  and 
the  general  trend  in  such  instances  has  been  resumed, 
a  short  distance,  from  the  points  where  deviations  occur. 
Several  prospect  holes  have  been  sunk  on  two  of  the 
ridges,  exposing  bodies  of  sulphuretted  ore.  But  such 
are  not  deep  enough  to  furnish  any  data  ;  in  fact,  in  only 
one  or  two  has  rock  in  place  been  reached.  Conse- 
quently these  bodies  present  the  appearance  of  irregu- 
larly formed  pockets,  or  masses  of  arsenical-pyrite  and 
quartz  without  stratification. 

It  is  claimed  that  at  one  opening,  a  deep  shaft,  known 
as  the  "Orum  Pit,"  which  was  sunk  several  years  ago, 
a  vein  of  quartz  bedded  in  the  slate  was  discovered . 
This,  I  was  informed,  was  enclosed  between  well  defined 
slate  walls  ;  but  the  condition  of  the  shaft  was  such,  at  the 
timeof  my  first  examination,  that  I  was  unable  to  explore 
it.  Since  then,  in  September,  1894, 1  have  made  a  second 
examination  because  of  learning  that  such  a  vein  had 
been  discovered,  and  opened  on,  to  the  south-west  of  the 
"Orum  pit"  about  600  feet;  which  was  apparently  an 
extension  of  the  ore  body   mined  in  that  pit.     I  found 
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good  reasons  for  this  theory,  in  the  facts,  that  the  last 
discovery  is  directly  on  the  line  of  strike  of  the  forma- 
tion ;  the  cfuartz  carrying  gold  has  the  same  general 
characteristics  as  that  found  on  the  dump  at  the  mouth 
of  the  shaft;  and  the  strata  of  country  rock  outcrop  along 
the  line  of  strike  so  that  the  continuity  can  be  easily 
discerned. 

At  the  present  time — September  1894 — an  arastra  is  be- 
ing run  on  this  ore,  a  portion  of  which  prospects  richly 
enough  to  render  this  slow  method  of  treatment  profita- 
ble. But  great  care  will  have  to  be  exercised  in  selecting 
the  ore,  which  should  be  thoroughly  roasted,  before  treat 
ment,  in  order  to  obtain  the  full  values.  This  arastra 
was  shut  down  later  during  the  same  year  because  the 
drag  rocks  were  not  heavy  enough  to  pulverize  the  ore 
properly  and  work  has  not  been  resumed. 

The  ore  is  a  hard,  but  not  a  flinty,  quartzite,  although 

the  grain  is  fine.     At  the  surface  it  pans  richly  in  free 

gold,  but  a  foot  or  two  below  is  heavily  sulphuretted. 
These  sulphurets  yield  very  readily  fco  fire,  and  the  sul- 
phur is  eliminated  with  less  intense  heat  than  is  usually 
the  case. 

The  openings  are  only  shallow  pits,  and  the  ore  body 
shows  a  thickness  of  about  two  feet  at  a  depth  of  some 
eight  or  ten  feet,  with  the  incline  of  the  dip.  This  is 
at  an  angle  of  about  20  degrees  towards  the  south-east. 

In  what  is  known  as 

Wild  Cat  Hollow,  Sec.  J9,  T.  20,  R.  10  2?.,  adjoining  the 
Teakle  property  on  the  north-east,  I  found  some  prospect- 
ing work  being  carried  on  in  1893.  This  is  a  quarter  of 
a  mile  west  from  the  mouth  of  Crooked  Creek.  A  body 
of  ore  resembling  arseno-pyrite  in  appearance  had  been 
exposed  at  the  base  of  a  high  bluff.  This  will  only  yield 
any  value  after  a  thorough  roast,  when  the  gold  can  be 
separated  by  stiff  pan  amalgamation.  It  apparently 
carries  no  free  gold,  and  is  more  refractory  than  any 
other  in  the  district.  Such  mav  be  accounted  for  from 
the  fact  that  the  ore  is  really  from  a  lower  level  than  any 
from  other  prospects. 
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The  formation  here  has  been  subjected  to  such  extreme 
folding  that  the  line  of  strike  is  locally  nearly  north  and 
south,  and  dip  to  the  east  almost  flat. 

The  face  of  this  bluff  is  formed  by  strata  of  Talladega 
slate  with  barren  quartz  intercalated ;  and  at  the  point 
where  work  was  in  progress  these  barren  quartz  seams 
have,  subsequent  to  their  deposition,  became  auriferous. 
"So  little  work  had  been  done,  though,  that  no  idea  could 
be  formed  as  to  what  conditions  would  be  exposed  by 
future  wx>rk.  ' 

Morris  property,  Sec.  21,  T.  20,  R  10  E.—  This  is  lo- 
cated to  the  north-east  of  the  Teakle  property.  It  con- 
sists of  several  ridges  of  semi-crystalline  slate  formation , 
peculiar  to  the  gold  districts/ forming  a  bend  of  the  Tal- 
lapoosa River,  and  on  the  west  side.  The  river  itself 
crosses  the  north-east  quarter  of  this  section,  having  a 
north-west  and  south-east  course. 

Some  shallow  prospecting  work  has  been  done  expos- 
ing the  occurrence  of  gold-bearing  ore.  At  one  point  a 
prospect  shaft  18  feet  deep,  exposes  a  body  of  ore  14  feet 
in  thickness,  and  the  bottom  of  the  shaft  is  still  in  ore. 
This  however,  has  the  same  irregular  structure,  I  have 
remarked  on  as  occurring  at  other  locations  in  this  dis- 
trict. The  outcrop  of  this  formation  can  be  traced  to 
the  river,  about  a  quarter  of  a  mile  to  the  north-east,  at 
wfcich  point  are  shoals  formed  by  bold  and  prominent 
ledges  of  slate,  with  quartz  interlaved  between  the  strata, 
but  no  prospecting  had  been  done  to  determine  whether 
or  not  it  was  gold-bearing.  These  ledges  of  slate  ean  be 
followed  for  considerable  distance  on  the  east  side. — In 
fact  the  formation  extends  to  the  Alabama-Georgia  boun- 
dary line,  and  beyond  to  an  undetermined  distance. 

The  trend  of  this  semi-crystalline  slate  formation  here 
is  the  same  as  the  course  of  the  Little  Tallapoosa  River, 
N.  E.  and  S.  W.,  and  it  continues   up  that  river  to  its 
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source  in  Carroll  county,  Ga.,  south-east  from  the   Villa 
Rica  mines. 

Although  in  years  gone  by  prospecting  for  gold  has 
been  done  on  this  belt  around  Wedowee,  the  county  seat 
of  Randolph'  county,  and  at  other  localities  ;  yet  I  could 
obtain  no  reliable  information  of  the  discovery  of  any- 
body of  gold-bearing  ore. 

Most  of  the  prospecting  has  been  done  along  the  N, 
W.  edge  of  the  belt  in  the  vicinity  of  the  Little  Talla- 
poosa River.  But  I  could  learn  of  no  location  where  the 
work  had  been  of  recent  date,  or  of  even  on  such  a  scale 
as  in  the  Goldberg  District.  To  the  north  of  Omaha  P. 
O.  about  one  and  a  half  miles,  in  Sec.  32,  T.  19,  R.  13. 
Mr.  Joshua  Ballard  has  prospected  on  a  small  scale,  but 
without  very  encouraging  results.  This  is  on  the  south- 
east edge  of  the  belt.  The  surface  is  plentifully  covered, 
through  that  neighborhood,  with  limonite  pseudomorphs. 
Some  of  these  are  quite  large,  and  one  specimen,  weigh- 
ing about  ten  pounds,  when  broken  open  was  found  to 
contain  besides  the  pyrite,  a  quantity  of  sulphur  in  min- 
ute crystals,  almost  as  fine  as  powdered  glass. 

Many  stories  are  told,  of  valuable  discoveries  in  the 
past,  along  the  line  of  strike  of  this  belt  north-east  of  the 
Tallapoosa  River  below  the  mouth  of  the  Little  River. 
But  on  investigation  I  could  find  but  little  reliable  au- 
thority for  such.  No  exposures  of  gold-bearing  ore 
bodies  can  be  found  for  examination ;  except  on  the 
property  of 

II.  S.  Bradley,  Sec.  JO,  T.  19,  R.  11  E.,  where  a  ridge, 
apparently  formed  from  a  conglomerate  deposit,  occurs. 
This  conglomerate  prospects  colors,  and  apparently  car- 
ries a  large  per  centage  of  limonite.  The  extent  of  this 
mass  is  considerable,  but  the  samples  I  tested,  carried 
too  small  a  value  in  gold  to  class  it  as  pay  ore. 

There  is  one  feature  with  regard  to  the  formation  of 
this  belt,  especially  noticeable  in  the  Goldberg  District  to 


GOLDVILLE  AND  HOO  MOUNTAIN  BELT.  47 

which  I  desire  to  call  attention.  It  is  the  great  abun- 
dance of  limonite  pseudomorphs  after  pyrite,  (iron 
garnets)  which  are  found  imbedded  in  this  semi-cry  stal- 
ling slate  throughout  the  entire  district.  This  is  more 
noticeable  though  on  the 

Grizzle  property ,  Sec.  24,  Township  20,  Range  9  E., 
where  a  line  of  demarcation  between  the 
slates  and  gneiss  occurs.  The  surface  is  literally  covered 
%with  these  "garnets,' '  some  of  which  are  very  perfect 
specimens  and  quite  large.  At  the  time  of  my  visit  the 
lumps  of  slate,  and  slabs  which  are  very  thickly  scattered 
over  the  surface ;  especially  of  one  40  acre  tract,  were 
being  picked  up,  and  piled  to  render  plowing  and  culti- 
vation easier.  Nearly  every  piece  of  this  slate  contained 
several  fine  specimens  of  these  garnets. 

A  vein  of  hard  quartz,  has  been  prospected  a  depth  of 
30  feet,  this  is  bedded  between  decomposed  slate  and 
kaolin  resulting  from  the  decomposition  of  the  feldspar 
in  the  gneiss.  Near  the  surface  some  rich  specimens, 
carrying  free  gold,  were  taken  from  this  vein,  which  is 
however  only  6  inches  thick ;  but  as  sinking  was  contin- 
ued the  quartz  carried  much  less  value,  indeed  some  of  it, 
not  even  showing  a  trace  of  gold.  At  the  point  where 
this  shaft  was  sunk  the  quartz  appears  to  be  interstrati- 
fied  with  the  gneiss  and  slate  having  its  dip  at  an  angle  of 
about  45  deg.  towards  the  S.  E. 

Resume  on  the  Goldville  Belt. 

I.  The  Goldville  belt  of  semi-crystalline  slates,  from 
its  extreme  south-wester^  boundary  to  the  State  line  is 
nearly  90  miles  in  length,  and  of  an  average  width  of  6 
miles ;  consequently  its  superficial  era  is  nearly  540 
square  miles. 

II.  In  the  Upper  Gold  belt  the  prospecting  has  not 
been  sufficiently  extensive  to  warrant  any  definite  deter- 
mination as  to  value  of  occurrences  of  gold-bearing   ore. 

III.  None  of  the  openings  except  those  on  the  Mitch- 


48  GEOLOGICAL  SURVEY  OF  ALABAMA. 

ell  property  at  Pine  Hill,  have  been  made  in  such  a 
systematic  manner  as  to  enable  us  to  figure  on  quantity 
of  ore  in  sight,  and  probable  permanency ;  or  even  deter- 
mine definitely  the  structure  of  the  ore  bodies. 

IV.  The  gold-bearing  ores  found  on  this  belt  in  the 
Upper  field,  may  be  universally  classed  among  the   re- 
fractory ores,  although  some  few  exceptions  may  be  found 
'to  that  rule. 

V.  The  prospects  are  good  enough  and  sufficiently 
promising  to  warrant  deeper  mining  in  many  places 
before  any  judgment  should  be  pronounced. 

VI.  The  gold  cannot  be  saved  by  amalgamation  on 
plates ;  neither  will  concentration  after  amalgamation 
prove  perfectly  satisfactory.  Because  the  specific  grav- 
ity of  a  percentage  of  fine  gold  found  in  the  ore,  as  well 
as  of  a  percentage  of  the  sulphurets  is  not  sufficient  to 
prevent  running  water  from  carrying  such  particles 
away  with  the  tailings. 

VII.  Direct  chlorination  of  the  ore  after  thorough 
roasting  or  possibly  treatment  with  amalgamator  and 
settler  by  Frazer  and  Chalmer's  process,  after  roasting, 
may  prove  satisfactory,  and  result  in  profitable  mining 
operations . 


GOLDVILLE  AND  HOG  MOUNTAIN  BELT. 


49 


Assays  as  returned  by  Dr.  J.  H.  Pratt  of  Birmingham. 
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These  assays  were  made  on  samples  selected  at  hap- 
hazard, but  with  a  view  to  obtain  as  near  an  average  as 
possible,  without  sampling  by  the  systematic  quartering 
method  ;  for  which  no  facilities  were  afforded  the  survey . 
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MICA  SCHIST  GOLD  BELT. 

Location  and  General  Characteristics. 

Leaving  the  Goldville  belt  of  semi-crystalline  slate  to 
the  south-east,  we  cross  the  line  of  demarcation  and  into 
a  region  of  gneiss  and  mica  schist,  which  extends  to- 
wards the  north-west  as  far  as  the  south-eastern  foothills 
of  the  Talladega  mountains.  This  region  embraces  an 
area  of  about  1,000  square  miles,  and  comprises  within 
its  boundaries,  portions  of  Coosa,  Tallapoosa,  Clay,  Ran- 
dolph and  Cleburne  counties. 

This  belt  also  contains  two  distinct  leads  of  gold-bear- 
ing ore,  so  far  as  at  present  known.  These  may  be 
designated  as  the  Shinbone  Ridge  or  Kemp  Mountain 
lead,  and  the  Pinetucky  lead. 

As  the  last  named  occurs  to  the  south-east  of  the  first 
my  examination  was  resumed  on  that,  after  finishing  my 
work  on  the  Goldville  belt. 

With  regard  to  this  mica-schist  formation,  I  found 
that  it  did  not  reach  as  far  as  the  Alabama-Georgia 
boundary  line.  Its  north-east  extremity  being  Sec.  24, 
T.  17,  R.  12,  about  2  miles  west  of  this  boundary  line. 
Here  it  terminates  somewhat  in  the  form  of  the  narrow 
edge  of  a  wedge,  and  is  interstratified  with  the  semi- 
crystalline  slates  in  apparent  conformity.  Towards  the 
south-west  it  widens  out  and  attains  its  extreme  width  in 
the  neighborhood  of  Pinetucky,  in  the  north-western 
corner  of  Randolph  county,  where  it  is  nearly  18  miles 
wide;  extending  from  Rockdale,  Randolph  county,  near 
the  centre  of  T.  19,  R.  11  E.  to  Chulafinnee,  Cleburne 
county,  Sec.  13,  T.  17,  R.  9  E. 

Details  of  the  Gold  Occurrences. 

Pinctwky    Gold  Mine,  Sec.  12,   T.  IS,   R.  10  E.— The 
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discovery  of  gold-bearing  ore  here  was  one  of  the  earliest 
in  Alabama,  being  co-temporary  with  the  Arbacoochee 
Placer  discoveries  in  the  ' 'forties.' '  Some  mining  oper- 
ations of  a  very  crude  character  were  carried  on  here 
about  the  same  time  that  Arbacoochee  was  a  prosperbus 
typical  mining  camp .  A  volume  of  interesting  reading 
could  be  written  devoted  exclusively  to  the  early  days  of 
Pinetucky .  Its  changes  of  ownership  have  been  numer- 
ous. Changes  in  the  policy  of  the  owners  equally  so. 
But  up  to  the  present  time  so  far  as  I  can  ascertain  from 
reliable  sources,  the  results  have  invariably  been  partial 
or  total  failures .  The  blame  rests  to  a  very  great  extent 
on  the  shoulders  of  the  management  and  owners,  but 
not  entirely  so.  Pinetucky  is  an  example  of  what  ought 
to  be  termed  a  rich  specimen  mine.  The  pre  carrying 
gold  is  a  narrow  vein  of  hard  bluish  quartz,  between 
equally  hard  mica  schist  walls.  Both  the  gangue  rock 
and  ore  are  very  tough  and  difficult  to  mine.  The  pay 
streak  will  average  about  10  inches  at  the  present  depth 
of  the  workings  about  60  feet  vertically  from  the  surface . 
Consequently  the  expense  for  mining  under  the  most 
favorable  circumstances,  is  in  excess  of  what  it  otherwise 
would  be.  Add  to  this  the  fact  that  the  vein  is  of  lenti- 
cular or  kidney  structure,  and  the  pay  ore  is  found  in 
chutes  or  chimneys,  and  the  reasons  for  failures  are  quite 
intelligible,  especially  when  the  work  is  conducted  by 
inexperienced  miners,  and  mill  men  ;  as  it  generally  has 

been.  This  mine  presents  some  features  I  have  not 
found  existing  elsewhere  in  Alabama. 

The  ore  body,  and  formation  have  locally  an  abnormal 
line  of  strike  ;  being  nearly  N.  and  S.  with  the  dip  to  the 
east  on  a  very  slight  incline  not  exceeding  10  deg.  or  12 
deg.* 

Along  the  line  of  strike  on  the  surface  this  ore  body 
can  be  traced  for  a  distance  of  about  1£  miles  by  the 

*8ubsequent  careful  observations  of  this  ore-body,  at  a  point  very 
favorable  forgetting  the  correct  dip  and  strike,  show  that  ihe  strike 
is  N,  30 deg.  E.  and  the  dip  is  towards  the  S.  E.    W.  M.  B. 
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abandoned  pits  sunk  in  the  past.  The  pits  were  sunk 
on  the  outcrop ,  and  incline  down  with  the  dip  of  the  ore 
body  ;  the  free  milling  or  oxidized  ore  was  mined  out  to 
water  level  then  the  pit  abandoned,  and  a  new  opening 
made  at  the  outcrop,  to  be  mined  out  in  the  same  manner, 
and  in  its  turn  abandoned.  On  the  north  and  south 
granite  veins  outcrop  with  their  lines  of  strike  conforming 
to  the  general  formation  of  the  country  N.  E. — or 
only  varying  a  few  degrees  from  such  a  course.  These 
veins  carry  mica  in  crystals  of  sufficient  size  to  dress  into 
sheets  of  commercial  value. 

As  the  vein  of  gold-bearing  ore  varies  in  thickness 
from  a  streak  not  much  thicker  than  a  knife  blade,  to  14 
inches  and  sometimes  exceeding  that ;  so  does  it  vary  in 
richness  from  a  mere  trace  of  gold  to  the  ton  to  $150.00 
a  ton.  The  values  saved  in  the  mill  runs,  in  the  ten 
stamp  Fraser  and  Chalmers  Mill  erected  some  5  or  6 
years  since,  vary  in  much  the  same  proportion  as  the 
assay  values.  One  lessee  claims  to  have  saved  $40.00  a 
ton  from  the  ore,  and  $7.00  a  ton  from  some  runs  on 
hanging  wall  rock.  Another,  that  100  tons  of  ore  only 
yielded  a  total  amount  of  $38.00  after  costing  $1,500.00 
to  mine.  I  have  seen  many*  specimens  of  the  ore  show- 
ing free  gold  in  great  splotches,  and  at  one  time  I  saw 
nearly  2  tons  of  ore  mined  nearly  every  piece  of  which 
was  a  fine  cabinet  specimen.  I  know  myself  of  mill 
runs  having  been  made  which  yielded  $40.00  to  the  ton 
in  free  gold,  but  were  limited  to  less  than  4  tons  to  the 
run  prior  to  a  clean  up. 

A  great  deal  of  value  has  always  been  claimed  to  be 
carried  by  the  sulphurets,  with  which  the  ore  is  heavily 
charged.  It  is  impossible,  however,  at  present  to  verify 
such  a  statement,  because  really  no  thorough  6ystem  of 
concentration  has  ever  been  carried  on. 

Some  concentrates  sent  to  St.  Louis  in  1893  yielded 
according  to  Prof.  Potter's  assay  $666.00  a  ton  in  gold; 
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while  other  samples  taken  about  the  same  time  and  pre- 
sumably from  the  same  pile  only  yielded  $90.00  a  ton, 
according  to  assay  made  by  Mr.  Makemson,  Chemist  for 
the  Woodstock  Iron  Company,  at  Anniston.  Some 
other  samples  sent  to  New  York,  a  few  weeks  later,  only 
assayed  from  $8.00  to  $28.00  a  ,ton,  as  returned  by  an 
assayer,  for  a  new  process  for  saving  gold  from  concen- 
trates called  the  l ' Kendall"  process.  Duplicates  of  these 
last  were  also  sent  to  St.  Louis,  and  the  returns  were 
approximately  the  same.  Such  results  demonstrate  that 
a  very  unsatisfactory  method  of  concentration  was  prac- 
ticed, or  else  that  the  samples  were  manipulated  by  some 
interested  parties. 

The  workings  in  the  mine  to  the  east  of  the  line  of 
pits  I  have  already  referred  to,  consist  of  a  vertical  shaft 
55  feet  deep,  and  a  drift  on  that  level  about  200  feet  in 
length.  Above  this  the  ore  has  been  mined  out  from  the 
outcrop  down ;  no  attempt  having  been  made  to  work 
ahead  on  the  ore  body  and  stope  up.  An  incline  some 
10  feet  in  depth  has  been  run  with  the  dip  of  the  vein 
from  the  bottom  of  this  shaft,  and  this  really  represents 
the  increase  in  depth  in  the  workings  for  the  past  20 
years.  In  taking  out  ore  about  6  to  8  feet  of  the  hang- 
ing wall  has  always  been  mined  out,  and  the  pay  ore 
streak  is  consequently  at  the  floor  of  the  drift,  and  al- 
most invariably,  even  when  mining  was  going  on  under 
water. 

This  system  of  mining  is  so  crude,  and  unskilful,  that 
there  is  no  chance  to  estimate  on  ore  in  sight,  because 
there  is  none.  Had  sinking  been  continued  in  a  shaft 
located  in  the  mill  house,  about  200  feet  to  the  east  of 
the  shaft  I  have  already  described,  until  the  ore  body 
was  cross  cut,  the  conditions  would  have  been  very  fa- 
vorable for  estimating  the  value  of  the  property.     This 

work  would  have  opened  up  at  least  200  feet  of  virgin 
ground,  and  reduced  the  cost  of  mining  very  appreciably  ; 
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by  affording  a  chance  to  stope  up  instead  of  digging 
down  for  the  ore,  besides  hoisting  it  directly  into  the 
mill  over  head ,  instead  of  using  a  steer  and  whim  to 
hoist  with,  and  a  team  to  haul  to  the  mill.  The  steam 
hoist  being  afterwards  brought  into  requisition  <o  place 
the  ore  on  the  rock  breaker  floor. 

During  the  summer  of  1895,  and  since  my  examina- 
tion reported  in  the  preceding  pages  was  written,  fur- 
ther prospecting  work  was  performed  at  the  •  Pinetucky 
Mine.  This  work  was  done  with  the  aid  of  a  diamond 
drill.  The  shaft  in  the  mill  house  was  bored  to  a  depth 
of  205  feet  without  cross  cutting  any  ore  body.  The 
cores  from  the  drill  showed  granite  at  a  depth  of  55  feet, 
alternating  with  the  garnetiferous  mica  schist  country 
rock  to  the  depth  of  205  feet  where  work  was  abandoned. 

A  second  drill  hole  was, bored  about  70  feet  to  the  west 
of  the  mill  house,  and  on  a  line  between  that  and  the 
old  workings.  In  this  mica  schist  was  passed  through 
to  a  depth  of  60  feet,  when  granite  was  encountered,  and 
to  a  depth  of  130  feet  the  same  conditions  were  found  to 
occur  as  in  the  mill  house.  At  this  point  work  was 
abandoned,  and  a  third  hole  sunk  to  the  west.  This  hole 
is  80  feet  east  of  the  old  working  shaft.  At  a  depth  of 
47  feet  after  passing  through  mica  schist,  the  core  showed 
granite  was  encountered.  At  a  depth  of  47  feet  a  4  inch 
stratum  of  feldspar  was  passed  through,  and  below  that 
the  core  was  ore,  of  much  the  same  character  as  in  the 
old  workings.  This,  I  am  informed,  was  12  inches  thick. 
Next  was  four  feet  of  soft  gouge  material,  which  was 
lost  from  the  core,  because  of  its  softness.  Below  this  a 
garnetiferous  mica  schist,  similar  to  the  country  rock 
occurring  in  the  old  workings,  was  encountered  for  a  few 
feet,  and  below  that  granite  again  showed  in  the  core. 

The  Pinetuckey  Company  executed  a  lease  to  the  Fair 
Mining  and  Milling  Company,  of  Chicago,  to  extend 
over  a  period  of  five  years.     The  lessees  performed  the 
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prospecting  work  with  diamond  drills,  and  after  encoun- 
tering the  ore  body  in  the  third  hole,  commenced  the 
work  of  sinking  a  working  shaft  at  that  point.  This 
work  is  being  carried  on  with  dispatch.  It  is  purposed 
to  driftrboth  to  the  north  and  south  after  cross  cutting 
the  ore  body.  Stopes  will  then  be.  started,  and  the  ore 
mined  out  to  the  old  workings  about  80  feet  above,  on 
the  incline  of  the  dip  of  the  ore   body.  • 

I  am  informed  by  Mr.  Hugh  Mclndoo,  of  Chicago,  one 
of  the  lessees,  that  a  thorough  sampling  of  the  mine  in 
the  old  workings  had  been  made  prior  to  the  prospecting 
with  diamond  drill.  The  assays  showed  an  average  yield 
of  $38.00  per  ton.  Further  tests  showed  that  the  ore 
was  partially  free  milling.  Some  to  the  extent  of  25  per 
cent.,  and  others  to  75  per  cent.  With  regard  to  concen- 
trating, I  was  informed  by  the  same  authority  that  such 
would  result  in  the  proportion  of  one  ton  of  concentrates 
being  obtained  from  21G  tons  of  ore. 

No  well  defined  extensions  have  been  discovered,  of 
this  ore  body,  unless  a  discovery  in  a  well  on  Sec.  13,  T. 
18,  R.  10  E.  should  prove  to  be  such.  But  no  effort  to 
demonstrate  such  a  fact  has  been  made  ;  although  the 
well  was  sunk  early  in  1893  by  a  negro,  who  showed 
quartz  resembling  Pinetucky  ore,  which  he  claimed  he 
took  out  from  the  bottom  of  the  well. 

About  two  miles  to  the  north  of  Pinetucky,  the  same 
country  rock,  underlying  the  granite  veins,  and  conform- 
ing with  their  strike  and  dip,  has  been  encountered  ;  but 
no  gold-bearing  ore  discovered . 

To  the  south-west  of  Pinetucky  on  Sec.  13  the  formation 
resumes  its  normal  line  of  strike,  as  it  also  does  a  short 
distance  N.  E.  of  the  workings;  indeed  such  change  oc- 
curs on  the  north  half  of  Sec.  12,  the  gold  mine  being  iu 
south  half  of  the  same  section. 

So  far  as  I  am  able  to  judge  from  the  work  performed, 
this  is  the  most  promising  portion  of  Alabama  for   min- 
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ing  for  mica.  Because  in  several  locations  to  be  described 
later  in  this  report  the  crystals  of  mica  arc  found  of  suffi- 
cient size  and  grade  to  warrant  the  assumption  that 
profitable  results  would  follow  systematic  and  deep  min- 
ing. 

In  a  north-easterly  direction  from  Pinetucky  we  find  a 
break  in  the  mica-schist  formation,  where  the  semi-crys- 
talline slates  appear  in  a  wedge-like-  shape,  with  the 
thin  edge  towards  the  south-west.  The  line  of 
demarcation  on  the  southern  boundary  of  this  semi-crjrs- 
talline  is  about  3  miles  northward  from  Pinetuckey 
in  T.  17,  and  the  point  of  this  wedge  is  in  the  same 
township  near  the  Riddle's  Bridge  crossing  of  the 
Tallapoosa  RiVer  in  R.  10  E.  being  the  same  range 
as  that  on  which  Pinetucky  is  located.  The  northern  or 
north-western  boundary  of  this  wedge  of  semi-crystalline 
formation,  has  a  north-eastern  course  from  the  river  to 
Sec.  17,  T.  17,  R.  11.  Here  the  mica-schist  again  oc- 
curs ;  in  its  turn  assuming  a  wedge-like  shape  with  the 
thin  edge  at  this  north-eastern  point,  and  widening  out 
towards  the  south-west.  At  the  Riddle's  Bridge  a  junc- 
tion is  formed  with  the  main  body  of  mica-schist  which 
formation  continues  to  the  south-west  in  an  uninter- 
rupted belt. 

These  complications  of  the  formation  are  shown  in  a 
general  way  on  the  geological  map  of  the  State,  where 
distinction  is  made,  however,  merely  between  the 
feebly  crystalline  Talladega  slates,  and  the  fully  crystal- 
line schists. 


I  will  here  continue  my  report  on  the  occurrences  of 
gold-bearing  ore  belonging  to  the  north-westerly  belt 
of  mica,  and  hornblende  schists  of  the  upper  gold  belt 
and  consider  those  belonging  to  the  semi-crystalline 
slates  later  in  order  to  avoid  complications. 
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7~  Crossing  the  Tallapoosa  River  from  Pinetucky,  in  a 
westerly  direction,  I  found  that  the  Shinbone  Ridge, 
which  is  a  continuation  on  the  western  side  of  the  river 
of  that  chain  of  ridges  in  which  is  located  the  Kemp 
Mountain  which  forms  such  a  prominent  feature  of 
the  landscape  on  the  eastern  side  of  the  river,  with  its 
trend  to  the  north-east  towards  Turkey  Heaven  Moun- 
tain. 

T^iis  Shinbone  Ridge  with  its  trend  south-westerly, 
crosses  a  portion  of  Cleburne  county  and  Clay  county. 
It  bears  much  the  same  relation  to  that  region  as  the 
"Devil's  Backbone"  bears  to  the  lower  gold  belt.  The 
geology  though,  of  these  two  ridges  is  entirely  dissim- 
ilar, for  while  the  "Devil's  Backbone"  is  made  up  al- 
most entirely  of  semi-crystalline  slates  and  hydro-mica 
schists,  the  formation  of  the  Shinbone  Ridge  belongs  to 
raica  and  hornblendic  schists.  For  several  miles  this 
chain  of  ridges  occupies  an  almost  parallel  position  to 
the  Blue  Ridge  Mountains  proper,  and  near  the  south- 
western extremity  the  trend  of  both  the  mountains  and 
the  chain  of  ridges  is  in  a  southerly  direction.  The  oc- 
currence, of  gold-bearing  ore,  which  have  been  discovered 
in  the  belt  of  mica-schists,  are  located  in  what  is  known 
as  the  Idaho  mining  district,  which  embraces  a  large 
portion  of  T.  19  and  20,  in  R.  7  E. 

The  Idaho  Mining  District, 

This  district  comprises  several  prospects,  prominent 
among  which  are  the  Idaho,  or  Franklin,  the  Hobbs,  the 
Laurel,  the  Chincapina,  the  California,  and  the  Horn's 
Peak ;  on  all  of  which  mining  operations  of  greater  or 
less  extent  have  been  carried  on. 

The  ore  bodies  in  this  district  occur  in  the  ridges, 
which  make  up  the  chain  locally  designated  as  the  Delta 
Divide,  which  in  this  locality  really  embraces  a  moun- 
tainous district  covering  quite   an  extensive  area,    and 
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comprising  several  ridges  or  backbones  lying  almost  par- 
allel to  each  other ;  the  most  prominent  being  Shinbone 
Ridge.  This  belt  of  mica  and  hornblendic  schists  in 
which  the  gold-bearing  ore  bodies  occur,  is  bounded  on 
the  north-  west  by  a  belt  of  altered  eruptive  rocks,  locally 
termed  ''the  copper  lead,"  because  iron  pyrite,  associa- 
ted with  chalco-pyrite  has  been  found  to  occur  in  this 
rock ,  and  mining  work  was  carried  on  some  years  since 
in  this  locality. 

The  entire  width  of  the  gold  bearing  district  which  I 
refer  to  as  "the  Idaho  District"  is  about  three  miles,  and 
its  length  so  far  as,  at  present  known  about  the  same. 
On  the  north-western  boundary  is  located  a  property 
known  as  the  "Watts"  which,  in  days  gone  by,  is  cred- 
ited with  having  furnished  a  large  amount  of  placer  gold , 
and  is  particularly  noticeable  because  of  the  vast  quant- 
ities of  large  and  well  shaped  garnets.  So  vast  are  the 
quantities  of  these  that  a  portion  of  the  property  itself ,  is 
known  as  * '  Garnet  Hill . "  Near  this  is  a  branch  or  small 
stream  locally  known  as  Gold  Branch,  which,  history  says, 
produced  a  large  quantity  of  placer  gold  in  the  seventies. 
Another  feature  of  the  district  is  that  in  nearly  all  of  the 
valleys  formed  by  the  creeks  and  branches,  there  occur 
beds  of  gravel  at  various  depths  below  the  surface  which 
will  nearly  always  yield  placer  gold  from  pannings.  This 
fact  has  been  demonstrated  in  several  localities  in  this 
district  by  the  cutting  of  ditches  to  drain  the  bottom 
lands. 

The  Idaho  or  Franklin,  Sec.  3,  T.  20,  R.7  E.—A.  ten 
stamp  mill  was  run  on  the  ore  from  this  mine  for  several 
months  a  few  years  since  ;  but  work  was  abandoned  be- 
cause o£  litigation,  and  the  mill  and  mine  have  remained 
idle  since  1889,  but  wiil  be  started  up  in  the  near  future, 
the  litigation  having  been  decided  in  1895.  The  mine 
itself  is  on  a  ridge,  locally  known  as  "Gold  Hill,'* 
which       might       be       termed      a       foot       hill       of 
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the  Skinbone  ridge,  on  its  north-western  side.  Open 
cuts  made  into  the  side  hill  expose  an  immense  mass  or 
deposit  of  quartzite  and  micaceous  graphitic  schist  with 
decomposed  material  resembling  wad  interstratified,  with 
the  strata  almost  vertical.  The  strata  are  very  thin  usu- 
ally, and  so  intermixed  that  it  is  very  difficult  to  obtain 
samples  of  each  material  separate,  so  as  to  ascertain 
which  carries  the  most  value.     The  entire  mass  has  been 

i 

quarried,  and  I  am  informed  was  milled  without  any 
effort  to  separate  the  products  of  these  strata.  It  is  diffi- 
cult to  form  any  estimate  of  the  extent  or  permanency  of 
the  ore  body,  because  the  work  of  mining  was  carried 
on  without  sufficient  regard  to  future  development.  Ap- 
parently the  strata  continue  on  down  indefinitely,  and 
have  been  mined 50  feet  wide.  From  the  summit  of  the- 
ridge  to  the  floor  of  the  cut  at  its  lowest  depth  is  prob- 
ably 50  or  60  feet ;  and  a  shaft  was  sunk  in  the  floor  of 
the  cut  several  feet.  But  as  this  was  full  of  water  I  could 
not  investigate  the  results  obtained. 

A  very  noticeable  feature  about  the  ore  body  is  the 
immense  quantity  of  iron-alumina  garnets  in  the 
gangue.  In  fact  the  occurrence  of  these  garnets  asso- 
ciated more  or  less  closely  with  the  gold  bearing  ores  of 
this  district,  is  one  of  its  distinguishing  features.  Such 
garnets  do  not  carry  any  values,  so  far  as  can  be  deter- 
mined by  panning  tests,  but  a  test  by  fire  assay  might 
perhaps  show  the  presence  of  some  gold. 

The  formation  at  the  Idaho  mine  is  nearly  east  and 

west  and  the  line  of  strike  is  maintained  for  two  or  three 

miles  westerly.     There  are  at  least  two  distinct  ore  bodies 

on  this  property.     The  most  extensive  being  that  which  I 

have  just  described  with  another  but  smaller  body  known 

as  the  "Little  Sampson' '  vein;  apparently  entirely  distinct 

from  the  main  body,  occurs  on  the  north-west  side,  and 

a  great  change  is  noticeable  in  the  character  of  the  ore 
which   carries  values.     For  here   the  quartzite  itself  i& 
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auriferous,  and  not  the  schist  as  is  the  case  in  the  big  or 

main  ore  body. 

The  work  which  was  performed  at  the  Idaho  mine  in 
1888,  resulted  as  I  am  reliably  informed  quite  satisfac- 
torily. I  have  during  the  spring  of  1896,  had  a  better 
opportunity  to  examine  this  propetty  more  closely  than 
was  afforded  me  during  the  summer  of  1893-4,  when 
most  of  my  examinations  on  the  upper  gold  belt  were 
made. 

Although  of  course  the  workings  have  caved  in  to  a 
great  extent  consequent  upon  their  being  large  open  cuts 
and  the  number  of  years  the  mine  has  remained  idle, 
yet  I  was  afforded  such  an  opportunity  under  the  guid- 
ance of  Mr.  Joshua  Franklin,  superintendent  of  the 
property,  as  allowed  me  tQ  inform  myself  more  thoroughly 
relative  to  the  extent  and  promise  of  permanency  of  these 
bodies. 

The  open  cuts  extend  for  104  yards  along  the  line  of 
strike,  and  show  that  the  ore  body,  where  these  cuts 
cross  it,  is  at  least  fifty  feet  in  thickness.*  From  pan- 
nings  on  an  average  of  the  entire  ore  body,  in  one  cut, 
there  is  certainly  a  value  of  $2.00  a  ton  in  free   gold. 

This  value  is  more  closely  associated  with  the  decom- 
posed schist  than  with  the  bodies  of  quartzite,  which 
have  been  exposed  in  the  mine  workings,  but  while  this 
is  the  case,  it  is  also  a  noticeable  fact  that  the  schist  does 
not  yield  values  except  where  closely  associated  with 
quartzite.  Whether  the  garnets  which  occur  as  gangue 
yield  any  values,  or  not,  is  an  open  question. 

Some  of  the  quartz  bodies  exposed  in  the  main  cut  are 
fillers  of  fissure  veins,  cross-cutting  the  cleavage  of  the 
schists  almost  at  right  angles,  and  apparently  maintain- 
ing continuity  as  greater  depths  would  be  attained.  The 
dip  of  these  is  almost  vertical,  and  the  thickness  has 
increased  perceptibly  at  the  floor  of  the  cut,  from  the 
thickness  at  the  outcrop,  forty  feet  above.     Mr.  Frank- 

*  The  accompanying  plates  illustrate  the  formation  and  structure 
of  this  occurrence  of  gold  bearing  ore.  Plate  No.  I  illustrates  all 
the  open  cuts  made  into  Gold  Hill ;  the  Stonewall  cut,  on  the  right, 
the  Franklin  in  the  centre  and  Nelson  on  the  left.  Plate  No.  II  illus- 
trates the  Stonewall  cut,  showing  the  breast  of  the  ore  body  with 
mouth  of  cross  cut  tunnel  driven  on  a  level  with  the  floor  of  the  cut. 
Plate  No.  Ill  illustrates  the  Franklin  cut  showing  conditions  some 
what  similar  to  those  in  Plate  No.  II. — W.  M.  B. 


V 
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lin,  however,  informed  me  that  these  quartz  bodies  carry 
but  very  little  value ,  and  indeed  he  did  not  consider  such 
rich  enough  to  run  through  the  mill  when  he  was  work- 
ing the  property. 

The  second  ore  body  on  this  property  outcrops  a  dis- 
tance of  fifty  yards  north-west  of  the  main  workings. 
This  is  referred  to  earlier  and  designated  as  the  "Little 
Sampson  vein,"  and  has  been  partially  prospected,  but 
the  work  has  not  been  sufficiently  extensive  to  warrant 
the  expression  of  any  opinion  as  to  the  material  facts. 

Judging  from  the  line  of  strike  of  these  ore  bodies,  a 
theory  is  tenable  that  if  the  continuity  of  each  is  main-* 
tained  towards  the  other,  the  two  bodies  will  intersect 
each  other ;  because  the  line  of  strike  of  the  main  body 
is  nearly  due  east,  while  that  of  the  "Little  Sampson" 
is  several  degrees  north  of  east. 

At  the  time  of  my  recent  visit,  Mr.  Franklin  was  mak- 
ing arrangements  to  resume  active  operations  at  the 
mine,  and  has  been  considering  the  advisability  of  add- 
ing a  Huntington  mill  to  the  present  plant,  which  is  a 
ten  stamp  quartz  mill.  By  doing  this  he  expects  to  ob- 
'tain  relief  from  some  unsatisfactory  results  he  expe- 
rienced before  in  treating  the  soft  ore,  which  has  such  a 
clayey  nature  that  in  the  stamp  mill  it  chokes  the  screens 
and  interferes  materially  with  the  crushing  capacity,  as 
well  as  with  amalgamation,  when  quick  silver  is  fed  into 
the  batterv . 

V 

It  is  highly  probable  that  this  new  plant  will  be  run- 
ning on  the  Idaho  ore  before  the  first  of  July,  1896 ;  and 
the  owners  propose,  as  I  am  informed,  to  operate  the 
property  as  a  permanent  investment,  and  with  the  ex- 
pectation of  developing  it  into  a  dividend  paying  mine. 

•  Following  this  ridge  to  the  south-west  from  the  Frank- 
lin mine,  I  found  its  surface  was  thickly  covered  with 
pieces  of  quarzite,  in  which  are  embedded  masses  of  gar- 
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nets,  as  well  as  pieces  of  limonite,  closely  resembling 
gossan.  This  is  characteristic  of  the  mica-schist  belt, 
and  proved  an  incentive  in  years  gode  by  to  encourage 
many  men  to  prospect  quite  extensively  for  copper  ore ; 
but  in  this  section  almost  invariably  without  success. 

The  Laurel,  Sec.  b,  T.20,  R.  7. — The  ore  body  exposed 
by  shallow  prospect  hol^s  on  this  property  is  apparently 
an  extension  of  the  Little  Sampson.  The  line  of  strike 
though  is  nearly  east,  with  the  dip  almost  vertical,  and 
the  ridge  on  which  this  i&  located  is  an  extension  of  the 
Franklin  or  Idaho  ridge.  Its  continuity,  though,  has 
been  interrupted  by  some  small  creeks  or  branches  which 
have  cut  channels  through  it  as  they  flowed  towards 
Talladega  Creek,  into  which  they   empty. 

The  character  of  the  ore  is  very  similar  to  that  found 
in  the  Little  Sampson  ;  the  values  being  found  almost 
entirely  confined  to  the  quartzite,  which  can  be  more 
easily  separated  from  the  decomposed  matter  resembling 
wad  and  schists,  than  at  the  Idaho.  Samples  taken  from 
the  entire  mass  pan  very  satisfactorily;  and  during  the 
summer  of  1893  a  miner  named  Stevens  made  fair  wages 
sluicing  the  vein  stone  from  the  Laurel  without  first . 
crushing  it, — proving  by  that  result  that  the  gold  is  dis- 
seminated through  all  the  material  forming  the  vein 
stone  of  the  pay  streak,  which  is  about  four  or  five  feet 
wide. 

Work  on  this  property  has  been  insufficient  to  deter- 
mine any  facts,  beyond  showing  it  to  be  a  good  prospect. 
Mr.  Steed,  the  owner  of  the  Laurel,  informed  me  he  pro- 
posed, during  the  present  year,  to  prospect  that  ore  body 
at  depth,  by  a  cross-cut  tunnel,  which  can  be  easily  run 
from  the  base  of  the  ridge  so  as  to  intersect  the  ore  body 
at  a  depth  of  50  or  60  feet  below  its  outcrop. 

A  stream  flowing  near  the  base  of  this  ridge,  and  hav- 
ing its  source  in  the  ridge,  will  furnish  ample  water  for 
mining  and  milling  purposes.     Also  for  hydraulic  mini- 
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ing  should  the  gravel  bars,  along  its  bed  prove  of  suffi- 
cient extent  and  value.  These  have  been  worked  by 
sluicing,  at  irregular  intervals,  for  some  years  past,  and 
in  spots  are  quite  rich . 

The  Chinca-Pina,  Sec.  S3,  T.  19,  R.  7  E.— This  pros- 
pect is  located  on  a  ridge  to  the  north  of  that  on  which 
the  Laurel  and  Idaho  occur.  The  line  of  strike 
of  the  ore  body  is  North-east  with  its  dip  towards 
the  S.  E.  at  an  angle  of  about  30  degrees.  The  workings 
consist  of  an  open  cut,  crossing  the  formation  ;  an  incline 
pit  or  shallow  shaft,  and  several  shallow  holes  in  which 
the  surface  soil  pans  very  satisfactorily.  These  l^st, 
though,  have  not  been  sunk  deep  enough  to  expose  rock 
in  place. 

The  openings  have  been  made  in  such  a  manner  that 
do  reliable  estimate  as  to  value,  or  permanency,  or  ex- 
tent of.  the  ore  body  can  be  formed.  The  ore  is  found  in 
strata  bedded  conformably  with  the  formation,  having 
no  well  defined  walls.  The  pay  is  disseminated  through 
these  strata  in  the  same  manner,  as  in  the  more  vertical 
strata  on  the  Idaho  and  Laurel. 

Hobbs,  Sec.  3,  T.  20,  R.  7  E.— This  ore  body  is  located 
on  a  ridge  extending  almost  parallel  to  but  between  the 
ridges  on  which  occur  the  Chinca-Pina  and  Laurel.  It 
has  been  exposed  in  several  shallow  pits,  and  is  appa- 
rently a  promising  prospect. 

California,  Sec.  15,  T.  20,  R.  7  E. — On  this  property  a 
ten  stamp  mill  was  erected  some  years  since,  and  min- 
ing and  milling  operations  conducted.  But  theopenings 
were  all  caved  in  at  the  time  of  my  visit,  and  I  was  una- 
ble to  explore  them.  Beyond  the  fact  that  the  ore  found 
in  the  mill,  and  around  the  old  dumps,  yielded  prospects 
by  panning,  nothing  further  can  be  said  about  the  prop- 
erty. 

The  Horns  Peak,  Sec.  i,  T.  20,  R.    7  E.— During  the 
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summers  of  1893  and  1894,  when  I  made  my  first  exam- 
ination of  this  district,  this  ore  body  had  been  but  very 
imperfectly  prospected  at  the  summit  of  the  peak  or  hill 
from  which  the  mine  takes  its  name.  But  at  this  writ- 
ing  ,  spring  of  1896,  a  recent  visit  to  this  district,  has 
enabled  me  to  examine  the  property  more  thoroughly, 
because  a  considerable  amount  of  work  has  just  been 
performed  and  several  tons  of  ore  milled  in  a  small  five 
stamp  mill  located  in  the  vicinity. . 

While  this  peak  is  really  a  continuation  of  the  ridge 
in  which  occurs  the  ore  body  in  the  Idaho  mine ;  it  is 
separated  from  the  main  ridge  by  erosio*.  This  ore 
body  is  located  almost  westerly  from  the  Idaho  mine  and 
not  quite  a  mile  distant. 

A  cross-cut  tunnel  has  been  run  to  intersect  the  ore 
body  at  a  vertical  depth  of  about  twenty-five  feet  from 
the  summit  of  the  peak.  This  work  has  demonstrated 
that  the  ore  body  is  some  thirty  feet  in  thickness  and 
several  runs  of  a  limited  quantity  of  average  ore  through 
the  mill  have  resulted,  I  am  informed,  in  a  saving  of 
$2.00  gold  per  ton,  by  amalgamation.  The  ore  may  be 
styled  as  a  garnitiferous  quartzite,  because  of  the  large 
quantities    of    iron-alumina    garnits  embedded  therein. 

No  work  to  determine  the  continuity  of  this  ore  body 
along  its  line  of  strike  other  than  shallow  prospect  holes 
along  the  summit  of  the  peak,  has  been  yet  performed. 
Nor  has  any  deep  work  been  attempted. 

From  the  structure  of  the  peak  it  would  have  been  very 
easy  to  determine  the  permanency  and  extent  of  this  ore 
body  at  depth  of  about  200  feet,  by  merely  running  a 
cross-cut  tunnel  to  the  ore  body,  and  drifting  along  the 
line  of  the  strike.  Such  work  would  be  doubly  advanta- 
geous too ,  because  it  would  have  drained  the  mine  as  well 
as  have  afforded  a  splendid  opportunity  to  mine  the  ore  by 
s toping.  The  value  of  the  property  too,  would  have  been 
demonstrated  bevond  cavil,  because   it  would  have  been 
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an  easy  task  to  measure  the  quantity  of  ore  in  sight  and 
make  calculations  on  which  the  value  of  the  property 
should  be  based. 

Kemp  Mountain  District. 

Eckles,  Sec.  23,  T.  17,  R.  10  E. — No  other  discovery  of 
gold-bearing  ore  has  been  made  to  the  north-east  of  the 
Idaho  District  in  the  mica-schist  formation  on  the  west 
side  of  the  Tallapoosa  River,  so  far  as  I  was  able  to  as- 
certain, either  by  prospecting  or  from  reliable  informa- 
tion. After  crossing  the  river  towards  the  Bast  I  found 
prospects  in  many  of  the  branches  and  creeks,  especially 
on  the  Denman  and  Morrison  plantations  to  the  west  of 
the  Eckles  property.  But  no  work  of  any  extent  expos- 
ing pay  ore. had  been  done. 

The  Eckles  property  has  created  quite  an  excitement 
from  time  to  time  since  its  discovery  in  the  spring  q{ 
1893.  It  was  bonded  during  that  summer  for  $30,000. 
The  40  acre  tract  of  land  on  which  it  is  located  was  pur- 
chased by  an  old  prospector  named  Eckels  for  $125.00, 
after  he  had  done  some  prospecting,  the  result  of  which 
was  not  generally  known.  The  same  tract  had  been 
offered  previous  to  that  time  for  a  Texas  pony  worth 
about  $40.00. 

The  prospect  work  consists  of  an  open  cut,  crossing 
the  formation,  with  a  shaft  some  65  feet  in  depth,  below 
the  floor  of  the  cross-cut,  which  is  about  8  feet  deep. 
This  cross-cut  is  nearly  50  feet  in  length  and  exppses 
the  ore  body  almost  that  entire  distance.  In  structure 
this  ore  body  bears  great  similarity  to  those  in  the  Idaho 
District ;  being  a  series  of  thin  vertical  strata  of  quartzite 
and  decomposed  schists,  so  closely  interfoliated  that  it  is 
difficult  to  obtain  samples  to  determine  which  strata 
carry  the  pay.  Samples  taken  from  nearly  any  portion 
of  the  cross  cut  will  yield  good  results  without  crushing 
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the  vein  stone.  In  sinking  the  shaft  the  strata  were 
found  to  maintain  their  vertical  dip  to  a  depth  of  36  feet, 
here  the  dip  changed  to  an  angle  of  about  60  deg.  to- 
wards the  south. 

A  cross  cut  run  at  the  bottom  of  the,  shaft  showed  the 
ore  body  which  yielded  pay,  had  narrowed  down  to  18 
feet  in  thickness,  much  of  the  decomposed  material 
found  at  the  surface  having  apparently  pinched  out, 
leaving  the  strata  of  quartzite  more  concentrated.  Dur- 
ing the  summer  of  1894,  sinking  was  continued  on  the 
shaft  until  a  depth  of  nearly  100  feet  had  been  attained, 
without  any  material  change  having  occurred  in  the  ore 
body. 

The  surface  has  been  prospected  across  the  40  acres 
on  the  line  of  strike  of  the  ore  body,  which  is  slightly 
north  of  east,  and  its  continuity  demonstrated. 
The  same  results  were  obtained  on  the  ex- 
treme western  border  of  the  tract,  but  beyond  this  the 
formation  has  been  folded  several  degrees  to  the  north , 
and  although  continuous,  does  not  yi6ld  pay  where  some 
shallow  prospecting  has  been  done  on  the  adjoining 
tract . 

No  systematic  work  of  treating  this  ore  has  been  done, 
by  which  an  average  value  from  mill  runs  can  be  esti- 
mated. The  graphite  interferes  with  treatment  by  or- 
dinary amalgamation ,  and  the  absence  of  sufficient  water 
prevents  working  the  property  by  hydraulic  process,  and 
afterwards  milling  the  quartzite  tailings,  as  is  done  at 
Dahlonega,  Ga.,  on  a  somewhat  similar  formation. 

Such  a  method  of  mining  and  treatment  could  be  car- 
ried on  profitably  to  a  depth  at  any  rate  of  about  40  feet ; 
but  below  that  the  vein  stone  becomes  very  much  more 
solid  and  will  probably  become  sulphuretted  near  water 
level . 

Golden  Eagle,  Sec.  17,  T.  17 ,  R.  11  E.— This  property 
was  originally  known  as  the  old  Price  mine,  and  pros- 
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pecting  work  consisting  of  two  incline  shafts,  one  about 
30  feet,  the  other  shallower,  together  with  about  100 
feet  of  tunneling  was  performed  in  1893.  This  work  was 
done  by  some  parties  who  hekfan  option  on  the  property, 
which  however  expired  before  any  very  satisfactory  dis- 
coveries were  made.  Since  then  and  during  the  spring 
and  summer  of  1894,  work  has  been  resumed  by  W.  D. 
Vaughn  of  Heflin.  Under  his  management  an  upraise 
was  made  from  the  tunnel  to  the  bottom  of  the  deepest 
incline  shaft,  and  a  drift  some  30  feet  long  was  run  on  a 
level  with  the  point  in  this  shaft  (32  feet  from  the  sur- 
face) where  work  was  discontinued  in  1893.  From  the 
discoveries  made  by  a  prospector  in  the  spring  of  1894, 
the  first  miners  had  quit  work  on  the  eve  of  exposing 
some  very  rich  ore.  As  much  of  this  carried  free  gold, 
visible  to  the  naked  eye,  and  assayed  as  high  as  $58.00 
•  ton,  Mr.  Vaughn  took  an  option  on  the  property  and 
went  to  work  at  once  to  develop  it  further.  He  is  also 
erecting  a  small  stamp  mill  for  the  purpose  of  prospect- 
ing and  sampling,  that  portion  of  the  ore  body  which  is 
free  milling.  Such  is  apparently  the  character  of-  the 
ore  to  a  depth  of  about  30  feet,  but  below  that  depth  it 
can  only  be  considered  partially  so  because  the  ore  is  not 
only  very  highly  sulphuretted,  but  also  has  the  appear- 
ance which  denotes  that  it  carries  a  large  per  centage  of 
arsenical  pyrite.  The  deep  shaft  is  now  about  75  feet 
in  depth,  sunk  on  the  ore  body  with  the  same  incline  as 
the  dip ;  an  angle  of  50  deg.  towards  the  south-east.  The 
line  of  strike  is  N.  E. 

The  vein  matter  consisting  of  quartzite  and  hydro 
mica  schist  is  about  10  feet  thick  at  the  75  foot  level. 
This  vein  of  quartzite  is  very  much  decomposed,  and 
enclosed  between  what  appear  to  be  semi-crystalline  slate 
walls,  being  the  same  character  of  slate  as  forms  Turkey 
Heaven  Mountain,  which  are  not  well  defined  near  the 
surface.     This  occurrence  of  gold   bearing  quartzite  is 
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almost  at  the  extreme  point  of  the  strip  of  mica  schist 
formation,  which  forms  the  northern  prong  of  fully  crys- 
talline rocks  in  Cleburne  county.  A  vein  of  coarse 
grained  granite  is  also  exposed  in  this  formation,  about 
50  feet  south-east  of  the  ore  body  I  have  referred  to,  and 
which  should  be  designated  as  the  " lower"  body,  be- 
cause on  the  south-east  side  of  the  granite  vein  another, 
and  distinct  ore  body  has  been  exposed.  This  outcrop 
occurs  paralleling  the  vein  of  granite,  which  is  about  30 
feet  thick,  and  in  apparent  conformity  with  the  general 
formation,  both  with  regard  to  strike  and  dip.  In  fact 
the  series  occur  on  the  surface  as  follows  :  On  the  north- 
west, the  "lower"  ore  body,  about  5  feet  thick  at  the 
surface,  bedded  in  slate  much  decomposed  near  the  sur- 
face ;  next  in  order,  towards  the  south-east,  Turkej 
Heaven  Mountain  slate  50  feet ;  next  granite  vein  about 
30  feet  in  thickness,  then  the  mica  schist  in  which  is 
bedded  the  "upper"  ore  body.  In  this  ore  body  the 
gold  is  carried  by  a  sandy,  sugary,  friable  quartzite  ;  and 
considering  that  in  18  feet,  (the  depth  of  the  incline), 
this  ore  body  has  increased  in  thickness  from  6  inches  at 
the  outcrop,  to  2  feet  at  the  bottom  of  the  shaft,  it  is  cer- 
tainly a  promising  prospect. 

In  the  tunnel  on  this  property,  beyond  to  the  south- 
east of  the  point  where  the  " lower"  ore  body  is  cross 
cut,  an  upraise  was  commenced  by  the  miners  who  first 
drove  this  adit.  In  this  I  find  that  the  formation  above 
the  ore  body  is  a  pyritiferous  graphitic  slate  very  hard 
and  similar  to  the  slate  forming  Turkey  Heaven  Moan- 
tain  it  is  very  tough  on  this  level ,  which  is  50  feet  verti- 
cally below  the  mouth  of  the  incline  shaft. 

The  granite  vein  referred  to  apparently  is  intrusive, 
because  at  a  point  about  300  yards  from  the  mine  work- 
ings, and  to  the  north-east  we  find  it  is  only  3  feet  thick 
at  its  outcrops,  which  resembles  a  big  boulder,  but  is 
continuous  towards  the  south-west ;  though  apparently 
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not  so  to  the  north-east,  so  far  as  the  surface  indications- 
show. 

The  slate  country  rock  which  forms  the  hanging  wall 
of  the  "lower' '  ore  body  belongs  to  the  Turkey  Heaven 
Mountain  series,  but  that  forming  the'foot  walling  has 
more  the  appearance  of  a  hydro-mica  schist,  than  the 
typical  "Talladega"  or  serai-crystalline  slate,  found  cov- 
ering such  an  extensive  area  north-west  of  the  Arbacoo- 
chee  Gold  Mining  district,  and  extending  to  the  south- 
eastern border  of  the  Paleozoic   area. 

Traveling  in  a  northerly  course  from  the  "Golden 
Eagle"  or  "Price"  mine  we  find  this  hydro-mica  schist 
extends  for  about  H  miles.  Beyond  that  point  and 
northerly  the  geology  is  difficult  to  determine,  because 
the  surface  of  the  ground  is  covered  by  pieces  of  quartz 
and  soil  with  no  exposures  of  the  slate,  until  the  north- 
east corner  of  section  9,  township  17,  range  11  E.  is  reach- 
ed, where  a  narrow  strip  of  hornblendic  rock  (diorite)  oc- 
curs. Beyond  this  again  in  a  northerly  direction  we 
find  no  exposures  of  the  slates  until  after  crossing  the 
Arbacoochee  and  Bowden  wagon  road,  near  the  western 
boundary  of  section  34,  T.  16,  R.  11  E.  where  the  typical 
"Talladega"  slate  occur. 

% Results  of  Assays  by  Dr.  J.  H.  Pratt  of  Birmingham,  Ala., 
from  samples  taken  at  haphazard  along  the  Mica- 
Schist  Gold  Belt. 

2053  ChincaPina,  Sec.  33,  T.  19,  R.  7  E.  $1.38  per  ton  gold. 

2062  Pinetucky,    Sec.  12,  T.  18,  R.  10  E.  $89.91  per  ton  gold. 

2063  Geo.  Hobbs,  Sec.    3,  T.  20,  R.  7  E.  $4.55  per  ton  gold. 

•2064  Price  "lower"  body,  Sec.  17,  T.  17,  R.  11  E.  $2.75  per  ton  gold. 
•2065  Price  "upper"  body.  Sec.  17,  T.  17,  R.  11  E.  $2  07  per  ton  gold. 
20(70  Laurel,  Sec.  4,  T.  20,  R.  7  E.  $77.10  per  ton  gold. 
2004  Franklin,  Sec.  3,  T.  20,  R.  7  E.  $14.26  per  ton  gold. 
1978  Eckles,  Sec,  23,  T.  17,  R.  10  E.  $8  58  per  ton  gold. 


♦Taken  from  old  workings  previous  to  resumption  and  new  work. 
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"TURKEY    HEAVEN    MOUNTAIN"    OR   NORTH- 
WESTERN SEMI-CRYSTALLINE  SLATE  BELT. 

Oold  Ridge  Mining  District. 

• 

This  district  is  located  in  T.  17  and  18,  R.  12  E.  ap- 
parently in  the  semi-crystalline  slate  formation,  near  the 
line  of  demarcation  between  the  mica  schist  belt  and  the 
slates.  In  fact  it  is  immediately  to  the  south  and  east 
of  the  point  where  the  mica  schist  wedges  out,  two  miles 
from  the  Alabama-Georgia  line  in  Cleburne  county  to 
which  I  have  before  referred. 

In  some  respects  the  occurrences  of  gold  bearing  ore 
in  this  district  may  be  considered  properly  to  belong  to 
the  Goldville  Belt ;  for  although  the  formation  is  com- 
posed more  extensively  of  the  slates  found  in  Turkey 
Heaven  Mountain,  a  graphitic  variety  of  semi-crystalline 
slate  interstratified  with  the  regular  semi-crystalline 
varieties,  than  is  found  elsewhere  on  that  belt ;  yet  it  is 
really  the  same,  when  the  formations  are  only  classed 
as  crystalline  and  semi-crystalline. 

I  can  not  identify  the  ore  bodies  on  their  lines  of  strike 
with  any  in  the  same  formation  to  the  south-west,  and 
for  that  reason  as  well  as  because  of  the  slight  difference 
in  the  country  rock,  I  have  considered  this  district  as 
distinct  from  the  Goldville  Belt.  So  far  as  at  present 
prospected  the  quartz  seams  in  this  district  rarely  carry 
any  values.  The  ore  which  yields  value  is  a  ferruginous 
sandstone,  but  several  very  fine  specimens  of  sugary 
quartz,  impregnated  with  free  gold  are  reported  to  have 
been  found  in  this  district,  a  few  years  ago.  Several  of  these 
I  was  shown  by  Mr.  Charles  Harper  of  Rome,  Ga.,  who 
is  a  part  owner  in  about  1,600  aces  of  land  in  the  neigh- 
borhood.    The  only  prospecting  work  of  which  I  could 
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obtain  any  knowledge  has  been  done  on  this  property, 
which  comprises  portions  of  Sees.  27,  33,  34,  T.  17,  R. 
12  E.  and  Sees.  3,  4,  5,  7,  8,  T.  18,  R.  12  E. 

I  could  not  ascertain  the  exact  location  of  this  prospect 
work  by  section  number,  nor  could  I,  when  I  examined 
it,  determine  any  essential  points  relative  to  the  ore  body. 
A  shallow  incline  shaft  had  been  sunk  exposing  a  body 
of  ferruginous  sandstone  about  20  feet  in  thickness,  hav- 
ing its  line  of  strike  nearly  Northeast  and  dip 
about  45  deg.  to  the  S.  E.  Samples  taken  from  the 
dump  panned  in  free  gold  satisfactorily,  showing  some 
$4.00  or  $5.00  a  ton ;  but  the  ore  body  itself  could  not 
be  sampled  because  of  water  filling  the  shaft.  I  was  in- 
formed that  the  entire  thickness  averaged  as  well  as  the 
samples  I  tested.  It  is  claimed,  work  was  abandoned 
because  of  the  water  rising  in  the  shaft,  and  the  owners 
were  not  in  position  to  provide  pumping  facilities. 
Really  the  property  was  purchased  for  speculative  pur- 
poses, and  the  only  object  of  the  owners  appears  to  have 
been  to  expose  an  ore  body,  and  make  no  attempt  to  de- 
velop it. 

The  property  was  purchased  with  the  view  of  controll- 
ing as  much  as  possible  of  the  lead  longitudinally,  and, 
if  development  should  prove  that  continuity  along  the  line 
of  strike  is  maintained,  together  with  values,  and  con- 
tinuity at  depth,  th«n  this  will  be  a  valuable  property. 
But  such  can  only  be  determined  by  actual  work,  which 
at  present  has  not  been  performed. 

An  analysis  by  Dr.  Pratt  showed  $4.82  a  ton  in  gold 
from  samples  taken  from  the  dump  I  have  referred  to. 

Turkey  Heaven  District . 

From  the  Gold  Ridge  property  I  followed  the  line  of 
demarcation  between  the  semi-crystalline  slate  and  mica 
schist  towards  the   south-west,  to  the  point   where   the 
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slates  wedge  out  near  Riddles'  Bridge,  and  prospected 
back  to  the  nortli-east  in  the  semi-crystalline  formation . 
In  this  region  are  located  the  Turkey  Heaven  Mountains , 
from  which  the  mining  district  derives  its  name. 

I  found  that  gold  bearing  ore  occurred  at  several  loca- 
tions at  and  near  the  base  of  these  mountains,  but  Hone 
has  yet  been  discovered  in  the  mountain  itself.  On  its 
summit  and  sides,  as  well  as  in  the  formation  to  the 
south-west,  the  graphitic  variety  is  interstratified  with 
the  Talladega,  and  other  semi-crystalline  slates,  and  all 
of  the  occurrences  of  ore  carry  a  large  percentage  of  this 
graphite . 

Miller,  Sec.  3»,  T.  17,  R.  10. — This  is  the  most  south- 
westerly discovery  of  gold  bearing  ore  in  this  Turkey 
Heaven  District.  It  is  located  only  a  short  distance 
from  the  point  where  the  slates  wedge  6ut,  and  are  dis- 
placed by  mica  schist. 

A  few  shallow  prospect  holes  have  been  sunk,  and  a 
body  of  sandstone  exposed,  a  portion  of  which  carries 
gold.  This  ore  is  found  to  occur  under  a  limonite  cap- 
ping, and  I  could  find  no  evidences  of  well  defined  walls 
to  indicate  vein  structure.  The  barren,  and  value-carry- 
ing ores  appear  to  be  interstratified,  and  form  a  deposit, 
with  its  dip  towards  the  south  .east,  and  on  only  a  very 
slight  incline. 

The  work  has  been  insufficient  to  base  any  estimates 
as  to  value  of  the  prospect,  but  the  indications  point  to 
there  being  a  large  deposit.  I  base  this  opinion  on  the 
showing  in  a  number  of  shallow  prospect  holes  sunk 
along  the  line  of  strike  and  from  the  outcroppings,  which 
prospect  some  colors. 

Crown  Point,  Sec.  19,  T.  17,  R.  11. — To  the  north-east 
of  the  Miller  property  about  2  miles  distant,  considerable 
work  has  been  done,  and  a  five  stamp  mill  erected  on 
the  Crown  Point  mine.  No  systematic  mining  has  been 
done   here,   although  a  small  quantity  of   ore  was   run 
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through  the  mill  in  1893.  But  the  value  saved  was  in- 
sufficient with  such  limited  crushing  capacity  to  produce 
profitable  results.  Consequently  work  was  abandoned, 
before  the  value  of  the  prospect,  or  extent  of  the  ore 
body  was  determined. 

'A  sample  assayed  by  Dr.  Pratt  showed  $3.23  in  gold  a 
ton.  From  this  property  the  leads  of  gold  bearing  ore 
apparently  follow  the  flanks  of  the  mountain,  one  on  the 
south-eastern  and  another  on  the  north-western.  Along 
the  southern  flank  but  little  prospecting  has  been  done, 
and  such  failed  to  expose  any  promising  prospects.  The 
work  though  was  quite  limited  in  extent,  and  if  pursued 
systematically  may  yet  result  in  the  discovery  of  gold 
bearing  ore  bodies. 

Moss-back,  Sec.  So,  T.  17,  R.  11  E. — This  was  one  of 
the  early  gold  discoveries,  made  during  the  copper  ex- 
citement early  in  the  "seventies."  The  outcrop  and 
ore  near  the  surface  yielded  very  fair  results,  as  I  am 
informed  on  reliable  authority ;  but  deeper  mining  oper- 
ations appear  to  have  resulted  disastrously,  jndging  from 
the  fact  that  both  mine  and  mill  have  been  deserted  for 
years. 

Two  incline  shafts  were  sunk  on  the  lead  of  ore,  one 
exposes  an  ore  body  8  feet  thick  bedded  between  walls  of 
a  talcoid  graphitic  schist,  or  decomposed  slate,  resem- 
bling schist  in  appearance ;  the  other  an  ore  body  18 
inches  thick,  bedded  in  the  same  country  rock. 

The  last  mentioned,  was  known  as  the  "Houston' ' 
shaft,  and  I  am  informed  the  ore  takeD  from  it  yielded 
by  mill  runs  from  $4.00  to  $4.50  a  ton  in  free  gold.  The 
first  mentioned,  was  known  as  the  '  'Company  Shaft.' ' 
This  was  considerably  deeper  than  the '  'Houston, "  being 
some  30  feet.  The  ore  taken  from  it  was  of  lower  grade 
than  from  the  other,  but  the  cost  of  mining  the  thick  ore 
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body  was  of  course  les9  than  the  thin  ;  which  ought  to 
have  offset  the  difference  in  value. 

A  vertical  shaft  was  sunk,  with  a  view  to  cross  cut  the 
ore  body  exposed  in  the  "Company"  shaft  at  greater 
depth .  While  the  work  was  progressing,  I  am  informed , 
that  the  superintendent  reported  that  the  gold  bearing 
ore  had  given  place  to  copper  bearing  ore.  He  shut 
down  the  mill,  and  abandoned  mining  operations  at  once, 
and  the  same  condition  of  idleness  exists  to-day.  I  was 
unable  to  explore  the  workings  because  of  water,  so  can 
not  verify  my  information   by  a  personal  examination. 

A  good  ten  stamp  mill  was  erected  on  this  property  in 
1890,  and  for  several  months  quite  extensive  mining  and 
milling  operations  were  conducted. 

Pritchard,  Sec.  36,  T.  17,  R.  11  E. — Here  an  incline 
shaft  some  15  feet  deep,  has  been  sunk  for  prospecting 
purposes,  and  about  7  feet  of  strata  of  auriferous  sand- 
stone, or  quartzite  has  been  exposed.  This  is  bedded 
between  talcoid  graphitic  decomposed  slate  or  schist 
walls,  with  a  slightly  inclined  dip  towards  the  south- 
east, and  its  line  of  strike  nearly  north-east.  By 
panning  an  average  sample  from  the  entire  thickness 
this  proved  of  low  grade,  about  $3.00  a  ton  ;  but  by  se- 
lecting samples  some  very  rich  results  were  obtained. 

Lucky  Joe,  Sec.  25,  T.  17,  R.  11  E. — This  property  is 
located  to  the  north-east  of  the  Moss-back  and  nearly  north 
of  the  Pritchard,  distant  about  three-quarters  of  a  mile  from 
either.  Although,  at  the  point  that  active  mining  operations 
were  carried  on  in  1893,  the  formation  on  this  property  is 
contorted  from  the  normal  line  of  strike  North-east 
to  an  abnormal  line  nearly  due  north  yet  I  am  inclined 
to  class  the  Moss-back  and  Luckey  Joe  as  belonging  to 
the  same  lead  of  quartzite.  Although  I  have  never  actually 
followed  the  outcrop  of  the  formation,  from  location  to  loca- 
tion, yet  the  evidence  of  folding  by  lateral  pressure  is  so 
well  defined,  by  the  crooked  lines  of  the  strike  of  the  slates 
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on  the  Luckey  Joe  property,  and  the  resemblance  in  the  ore 
so  marked,  together  with  that  of  the  country  rock,  that  I 
feel  convinced  development  will  prove  the  correctness  of  my 
theory.  But  I  doubt  very  much  if  the  lead,  should  its  con- 
tinuity so  far  as  formation  is  concerned  be  proven,  will 
maintain  any  continuity  so  far  as  being  gold  tearing,  is  con- 
cerned. 

Development  in  the  Lucky  Joe  has  already  demonstrated 
that  the  pay  ore  is  found  in  chimneys  or  shoots  in  the  ore 
body.  The  property  was  first  opened  in  1893  to  a  notable 
extent,  and  a  ten  stamp  Fraser  and  Chalmer's  mill  erected 
thereon,  with  all  the  latest  improvements.  But  as  it  proved 
later,  the  management  had  committed  the  fatal  mistake  of 
erecting  this  plant  before  the  property  was  sufficiently  pros- 
pected to  prove  that  a  mine  actually  existed.  Consequently 
the  first  clean  up  was  not  satisfactory,  and  all  work  was 
abandoned  for  several  weeks.  Later,  after  more  extensive 
prospecting,  other  mill  runs  were  made,  which  prcvecl  more 
encouraging;  having  demonstrated  that  $2.27  a  ton  could  be 
saved  in  gold,  by  amalgamation.  The  cost  of  mining  and 
milling,  I  was  informed  by  the  Superintendent  (an  experi- 
enced miner  from  Colorado)  was  $1.35  to  $1.45  a  ton.  The 
capacity  of  the  mill  using  30  mesh  screens,  being  30  tons  a 
day,  together  with  the  other  facts  I  have  mentioned,  insured 
profitable  results  from  mining  and  milling,  provided  that 
sufficient  quantity  of  ore  of  that  grade  could  be  mined. 

Durinsr  the  summer  of  1894  I  made  a  thorough  examina- 
tion  of  this  property,  .because  the  success  or  failure  were 
matters  of  vital  importance  to  the  gold  mining  industry  of 
the  state;  and  I  wanted  to  determine,  if  possible,  whether, 
in  spite  of  partial  failure  due  to  the  mistake  made  at  the 
commencement,  the  condition  of  the  property  was  such  as  to 
indicate  future  successful  results. 

I  found,  as  I  have  already  stated,  that  the  pay  ore  lay  in 
chimneys  or  shoots,  which  occurred  through  the    so-called 
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ore  body,  of  varying  width  and  thickness.  Therefore,  while 
the  vein  matter  is  apparently  quite  extensive,  yet  only  a  lim- 
ited portion  carries  values;  consequently,  during  the  first 
milling  operations  a  large  number  of  tons  of  barren  material, 
having  the  appearance  of  pay  ore,  were  milled.  This,  of  course, 
reduced  the  yield  of  the  ore  itself  to  an  insignificant  figure. 
The  vein  matter  is  a  garnetiferous  quartzite  interstratified 
with  a  decomposed  talcoid  slate  or  schist,  and  by  panning  I 
ascertained  that  sometimes  the  value  is  in  the  quartzite,  but 
more  often  the  decomposed  material  pans  the  richest.  The 
workings  consisting  of  300  feet  of  drifting:  and  cross  cutting: 
show  that  the  chimneys  of  pay  ore  are  about  four  feet  wide 
and  three  to  four  feet  thick,  dipping  towards  the  east  on 
about  a  30  degree  angle,  with  their  line  of  strike  a  few  de- 
grees west  of  north  These  ore  shoots  lie 
almost  parallel  to  each  other,  and  up  to  the  time  of  my  visit 
three  of  them  had  been  exposed.  The  centre  one"  of  these  is 
wider  than  the  others,  and  apparently  the  main  channel,  to- 
wards which  the  narrower  shoots  appear  to  be  trending. 
The  work  being  done  at  the  time  of  my  visit  was  to  deter- 
mine wrhether  those  shoots  did  actually  concentrate  to  one 
main  body  of  pay  ore.  A  winze  was  being  sunk  from  the 
50  foot  level,  on  which  all  the  prospecting  has  heretofore 

been  done,  to  determine  the  extent  and  permanency  of  the 
widest  shoot  at  a  greater  depth.* 

Smith  and  Wood's  Old  Copper  Mines, — Paralleling  the 
Pritchard  ore  body  on  its  western  side  occur  the  old  copper 
mines,  worked  in  the  early  useventies, '  I  can  onlv  refer  to 
these  from  information  I  could  gain  in  the  neighborhood,  be- 
cause all  work  has  been  abandoned  for  several  years  past,  and 
the  openings  made  at  that  time  are  all  full  of  water  to-day. 

It  is  a  matter  of  history  that  both  these  properties  pro- 
duced considerable  copper  20  jrears  ago.  The  ore  was 
smelted  in  soapstone  furnaces,  the  ruins  of  which  still  remain 
as  land  marks.  This  soapstone  was  quarried  near  by,  from 
a  ledge  which  occurs  in  the  neighboring  crystalline  formation. 

*  A  few  weeks  after  my  visit  work  was   suspended  again,   and  has 
not  been  resumed  since  to  date,  April,  1896. — W.  M.  B. 
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From  the  appearance  of  the  water  flowing  from  the  old 
workings,  the  mines  were  evidently  not  entirely  worked  out, 
because  scrap  iron  will  precipitate  copper  in  short  time,  and 
in  considerable  quantities.  Some  of  the  ore  must  evidently 
be  fairly  rich.  From  the  most  reliable  information  I  can 
gather,  the  work  was  abandoned  because  of  the  average  low 
percentage  of  copper,  and  excess  of  iron  pyrites.  The  ruins 
of  the  plants,  old  dumps  and  general  appearance  of  the  sur- 
roundings indicate  that  quite  extensive  operations  were  car- 
ried on  during  the  days  of  copper  excitement.  Between  this 
group  of  mines  and  the  state  line  to  the  north-east  no  occur- 
rences of  gold-bearing  ore  have  been  discovered. 

Leaving  the  neighborhood  of  this  group  of  mines,  and 
traveling  towards  the  north-west  across  the"  thick  edge  of 
this  semi-crystalline  belt,  we  cross  the  eastern  flank  of  Tur- 
key Heaven  Mountain.  No  discoveries  of  any  importance 
of  gold-bearing  ore  have  ever  been  made,  until  Section  2, 
T.  17,  R.  11  E.  is  reached.     We  pass  the 

Head  Mine,  Sec.  IS,  T.  17,  R.  11  E. ,  on  which  consider- 
able work  was  done  a  few  years  since,  without  resulting  in 
any  discoveries  worthy  of  note,  and  I  only  mention  it  in  this 
report  to  show  that  in  my  examination  I  have  not  neglected 
to  notice  any  properties  on  which  discoveries  are  claimed, 
or  prospect  work  of  any  extent  performed. 

Hall,  Sec.  10,  T.  17,  R.  11  E. — Some  shallow  prospect 
work  has  been  done  on  this  location,  but  such  was  not  at- 
tended with  any  promising  prospects  being  discovered,  and 
is  mentioned  for  the  same  reason. 

*  Hicks- Wise,  Sec.  2,  T.  17,  R.  11  E.—A  greater  vertical 
depth  has  been  reached  in  the  workings  in  this  mine,  and  a 
more  extensive  ore  body  disclosed  than  at  any  in  Alabama 
at  the  present  period.  A  shaft,  almost  vertical,  has  been 
sunk  110  feet,  or  27  feet  below  water  level.     About  3,000 

*  The  present  period  referred  to  is  the  summer  of  1893. — W.  M.   B. 
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tons  of  ore  have  been  mined-  and  milled  from  levels  run 
from  this  shaft,  at  20  feet,  40  feet  and  85  feet  from  the  sur- 
face. It  is  claimed  that  this  ore  yielded  $2.00  a  ton  by 
amalgamation.  It  can  hardly  be  classed  as  free  milling  ore, 
although  no  other  treatment  has  been  attempted.  Because 
of  the  percentage  of  graphite  it  carries  from  the  surface 
down,  and  the  sulphurets  below  water  level,  amalgamation 
will  never  save  full  values. 

The  line  of  strike  is  Northeast  with  an  almost  ver- 
tical  dip  towards  the  S.  E.  The  structure  of  the  ore  body- 
can  hardlv  be  considered  as  determined.  In  the  soft  de- 
composed  slates  from  the  surface  to  water  level,  it  has  all 
the  appearance  of  a  mass  of  ferruginous  sandstone,  quartz 
and  decomposed  slate  with  the  appearance  of  a  stratified  de- 
posit of  unknown  depth,  and  width.  At  the  85  foot  level 
(the  deepest  work'  I  could  examine,  because  of  water  and  no 
pumping  facilities),  this  ore  body  has  been  drifted  on  a  dis- 
tance of  about  200  feet,  and  maintains  its  continuity  ;  but  at 
no  point  has  it  been  cross  cut  to  determine  its  extreme  thick- 
ness. Both  headings  of  the  drift  are  in  ore.  A  cave  which 
occurred  near  the  surface,  shows  a  thickness  of  ore  25  feet, 
but  whether  that  is  the  maximum  can  not  be  determined. 

Assays  on  the  Hicks- Wise  I  am  informed  by  Mr.  Julius 
Houston  of  Arbacoochee,  show  its  value  to  increase  from 
$2.00  a. ton  at  the  surface  to  §14.00  at  110  feet,  at  which 
point  the  sulphurets  ran  as  high  as  $39.00  a  ton.  These 
assays  I  was  informed  were  made  by  W.  M.  Courtis  a  min- 
ing engineer  and  chemist  of  Detroit,  Mich.,  who  made  an 
expert  examination  of  the  property  in  1S93.  Other  assays 
are  given  below. 

Lee  Mine,  Sec.  #,  T.  17,  R.  10  E. — This  property  was 
purchased  in  the  spring  of  1SD4,  by  a  syndicate  of  capitalist* 
from  Cincinnati,  and  extensive  prospecting  work  commenced. 

The  line  of  strike  of  the  formation  and  ore  body  is  North- 
west with  the  dip  slightly  W.  of  S.  at  an  angle  of 
45  dee.     It  has  all  the  characteristics  of  a  bedded  vein  l)e- 
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tween  slate  walls,  which  are  well  defined,  better  in  fact  than 
at  almost  any  location  I  have  examined  in  the  State.  The 
varying  thickness  of  ore  in  a  drift  at  40  feet  from  the  outcrop, 
on  an  incline  conformable  with  the  dip,  is  between  4  and  5 
feet.  An  incline  shaft  has  been  sunk  about  40  feet,  from  the 
surface  down  with  the  dip,  where  a  cross  cut  tunnel  from  the 
south  side  of  the  ridge  in  which  the  ore  body  is  located,  in- 
tersects the  bottom  of  this  shaft.  A  drift  121  feet  in  length 
has  been  run  on  this  level,  in  ore  the  entire  distance,  with 
ore  in  both  headings,  and  nearly  80  feet  of  the  drift  show- 
1  ing  the  ore  body  to  maintain  its  continuity  afr  its  maximum 
thickness.  From  the  level  of  this  drift  an  incline  has  been 
sunk  20  feet,  showing  the  ore  body  to  be  5  feet  6  inches 
thick  at  the  bottom. 

The  plant  at  present  in  operation  for  treating  this  ore 
comprises  three  arastras,  and  a  Blake  crusher.  The  super- 
intendent, Mr.  S.  Fehr  of  Cincinnati,  informs  me  that  by 
this  treatment,  he  has  demonstrated  that  the  ore  will  mill 
$5.00  a  ton  in  gold. 

A  fair  average  sample  I  took  myself  from  the  entire 
thickness  of  the  vein  as  exposed  at  15  feet  deep  assayed  by 
Dr.  Pratt  of  Birmingham,  yielded  $12.61  a  ton  in  gold.  The 
thickness  of  the  vein  at  the  point  from  which  I  took  my 
sample  was  2  feet  6  inches. 

Crumpton,  Sec.  7,  T.  17,  R,  12  E. — The  occurrence  of 
gold  bearing  ore  discovered  on  this  property,  has  not  been 
prospected  sufficiently  to  determine  whether  any  ore  body 
beyond  the  mass  of  outcrop,  and  irregular  "blow  out,"  as 
it  may  be  termed,  really  exists.  The  ore  is  the  same  fer- 
ruginous quartzite,  in  the  "Talladega1'  semi-crystalline 
formation,  as  that  occurring  in  the  Lucky  Joe  and  Moss- 
back;  but  the  country  rock  shows  less  of  the  graphitic 
variety  of  slate  than  that  in  which  those  mines  occur.  How- 
ever, as  the  line  erf  strike  on  the  Crumpton  has  its  normal 
trend    Northwest    and  the     property     is      located     on     a 
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direct  line  geographically,  with  those  mines  I  have  men- 
tioned, I  believe  I  am  correct  in  classing  it  as  a  possible 
extension,  subject  of  course  to  determination  by  actual  pros- 
pecting. Some  of  this  ore  pans  very  richly,  especially  that 
from  some  strata  which  are  less  ferruginous  than  the  bulk 
of  the  ore. 

Middlebrook,  Sec.  3,  T.  17,  R.  12  E. — This  property  is 
located  in  the  north-east  corner  of  the  north-west  quarter  of 
the  section.  The  ore  body  is  interstratified  with  the  forma- 
tion, having  its  strike  North. east  and  dip  South-east  con- 
formable with  the  country  rock,  the  same  "Talladega" 
semi-crystalline  as  is  typical  of  this  section  of  the  gold  fields. 
The  ore  is  a  ferruginous  quartzite,  and  the  body  is  capped 
with  limonite.  An  incline  shaft  has  been  sunk  about  20 
feet  deep  showing  a  thickness  of  pay  ore  nearly  5  feet;  from 
which  I  obtained  not  less  than  $5.00  a  ton  in  gold,  by  pan- 
ning an  average  sample  taken  from  the  entire  thickness. 

Bollinger,  Sec.  £,  T.  17,  R.  12  E. — An  occurrence  of  gold 
bearing  ore,  similar  in  character  and  at  the  outcrop  of  about 
the  same  relative  value  from  pan  tests  as  the  ore  found  on 
Crumpton  property,  about  3  miles  S.  W.,  was  discovered  on 
this  property  several  months  since,  but  no  attempt  to  develop 
or  even  prospect  the  outcrop  has  been  made. 

Sutherland,  Sec.  34,  T.  16,  R.  12  £.— Here  a  body  of 
gold  bearing  quartzite  has  been  quite  extensively  prospected. 
This  ore  bodjT,  while  bearing  in  some  particulars,  as  to  the 
stratified  structure,  a  close  relationship  to  the  Middlebrook, 
yet  may  prove  by  development  to  be  confined  between  wel] 
defined  walls.  Certainly  it  has  a  well  defined  slate  hanging 
wTall,  but  no  solid  foot  wall  has  been  yet  exposed,  unless  a 
stratum  of  decomposed  slate,  should  prove  such.  The  slate 
hanging  wall  has  faulted  at  the  depth  of  about  30  feet  below 
the  surface,  and  threatens  to  cut  off  the  ore  body  entirely, 
in  one  incline  shaft  sunk  on  an  incline  of  about  45  deg.  to  a 
depth  of  30  feet.  At  this  point  the  fault  in  the  slate  was 
encountered  and  work  suspended.     The  ore  body  had  main- 
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tained  a  thickness  of  nearly  4  feet  above  this,  and  prospected 
very  satisfactorily. 

There  are  two  other  incline  shafts,  one  25  feet  in  depth, 
the  other  15  feet. 

The  deepest  of  these  two  exposes  nearly  the  same  thick- 
ness and  grade  of  ore,  as  in  the  first  shaft  mentioned.  But 
in  the  more  shallow  pit,  two  bodies  of  ore  which  at  the  out- 
crop, near  the  pit,  appear  divided  or  separated  by  strata  of 
decomposed  slate  have  united,  and  the  body  of  quartzite  has 
an  aggregate  thickness  of  nearly  12  feet.  But  what  propor- 
tion of  this  yields  values  I  am  not  prepared  to  state. 

Ore  from  this  property  has  been '  milled  in  a  temporary 
stamp  mill  constructed  of  wood  throughout;  except  clumsily 
made  iron  shoes.  The  stamp  stems  are  made  of  4  in.  x  4  in. 
scantling.  The  cam  shaft,  a  log  squared,  about  12  inches 
through.  The  cams  are  cut,  with  great  ingenuity  and  fasten- 
ed into  this  log.  The  tappets  were  wooden  pegs  set  in  augur 
holes  bored  through  the  stems. 

The  results  from  milling  in  such  a  primitive  manner,  would 
hardly  prove  a  fair  test  of  the  ore;  even  if  such  could  have 
been  obtained,  which  I  found  impossible. 

Bennifield,  Sec.  27,  T.  16,  R.  12  E.— This  property  has 
been  prospected  by  several  shallow  open  cuts,  exposing  the 
occurrence  of  gold  bearing  quartzite.  This  has  every  indi- 
cation of  being  a  stratified  deposit,  covering  considerable 
area  of  undetermined  thickness.  The  ore  would  be  classed 
as  low  grade,  so  far  as  my  tests  by  panning,  without  taking 
a  sample  in  a  thoroughly  systematic  manner,  could  be  relied 
on.  Some  other' shallow  prospecting  has  been  done  in  the 
neighborhood,  but  not  sufficient  to  base  any  estimate  on  as 
to  extent,  value  or  permanency.  More  extensive  work 
should  be  done,  before  any  determination  as  to  the  value  of 

any  of  this   district   can   be   arrived  at.     In  fact  the  same 
proposition  applies  to  the  entire  State  so  far  as  gold  mines 
are  concerned. 
6 
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Marion  White,  Sec.  6,  T.  16 ,R.  12 E.—ln  this  same  "Tal- 
ladega" slate  formation,  and  to  the  north-west  of  the 
quartzite  bodies  just  referred  to,  and  within  a  short  distance 
of  the  Georgia  Pacific  Railroad  in  Cleburne  county,  occur  a 
few  prospects,  which  are  promising  enough  to  warrant  the 
performance  of  more  work  than  has  already  been  done.  The 
most  important  of  these  discoveries  is  on  the  Marion  White 
property,  over  which  in  1893,  there  was  considerable  excite- 
,  ment  because  of  some  quite  rich  quartz  specimens  being 
found  in  which  the  free  gold  was  visible  to  the  naked  eye. 
These  were  found  as  float.  Prospecting  exposed  a  thin  vein 
of  quartz  with  lenticular  structure  bedded  in  the  slates, 
which  also  panned  fairly  well.  But  a  sample  which  was 
assayed  by  Dr.  Pratt  only  yielded  $2.27  a  ton  in  gold.  The 
work  was  not  of  sufficient  extent  in  the  neighborhood  to 
warrant  the  expression  of  an  opinion. 

James  Moore,  Sec.  12  and  IS,  T.  16,  R.  10  E.— This 
property  is  some  6  miles  south-west  of  the  White  prospect. 
Placer  mining  of  considerable  extent  was  carried  on  in  this 
neighborhood  as  well  as  on  this  particular  property  some 
years  since.  Sluicing  in  a  ditch  recently  yielded  some  fairly 
coarse  particles  of  gold  quite  rough,  and  ragged  on  the  edges, 
denoting  it  had  not  been  washed  far.  But  for  placer  dig- 
gings the  ground  would  not  pay,  and  some  little  surface 
prospecting  failed  to  expose  any  quartz  body  or  vein  bearing 
gold.  Indeed,  although  the  surface  of  the  ground,  through 
several  properties  in  this  settlement,  is  plentifully  covered 
wjth  float  quartz,  decomposed  and  porous  to  some  extent, 
and  plentifully  stained  with  iron  oxide,  yet  no  ore  body,  or 
outcrop  or  even  float  carrying  gold  could  be  discovered. 

■  * 

Resume  on  the  North-western  Semi-Crystalline. Belt. 

I.  The  extent  of  this  belt  so  far  as  the  formation  is  con- 
cerned, and  not  including  the  Terrapin  and  Talladega  Moun- 
tains, which,  while  the  formation  is  the  same,  I  shall  treat 
separately,  because  the  ore  bodies  in  these  mountains  occur 
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on  the  north-west  slope,  and  consequently  really  belong  to  a 
separate  and  distinct  belt,  is  about  18  miles  long  with  the 
line  of  strike,  and  24  miles  wide  across  the  formation  at  its 
widest  part,  and    contains  about  300  square  miles. 

II.  The  ore  through  the  entire  belt  is  a  sandstone,  or 
ferruginous  quartzite,  which  were  it  not  for  the  presence  of 
graphite,  and  sulphurets  below  water  level,  might  be  classed 
as  free  milling  of  low  grade. 

III.  A  few  of  the  prospects  such  as  Hicks- Wise's  Crump- 
ton's,  and  Middlebrook's  may  prove  to  be  comparatively 
free  milling;  and  permanent  development  work  may  result 
in  profitable  operations. 

IV.  Deeper  work  is  warranted  on  most  of  these  pros- 
pects examined,  because  of  the  rich  results  obtained  from 
many,  from  the  outcropping**,  and  the  fact  that  so  far  as 
work  has  progressed  the  ore  has  maintained  its  continuity 
In  value. 

V.  The  permanency,  and  extent  of  these  ore  bodies,  can 
only  be  proven  by  deeper  and  more  systematic  prospecting; 
while  the  values  can  only  be  determined  by  thorough  test 
and  sampling,  by  the  various  treatments  known   to  science. 

Results  of  Assays  by  Dr.  J.  H.  Pratt,  of  Birmingham. 

3068  Lee  Mine,  Sec.  2,  T.  17,  R.  11  E.  $12.61  gold  per  ton,  no  silver. 
2068  Gold  Ridge,  Sec.  34,  T.  17,  R.  12  E.  $4.82  gold  per  ton,  no  silver. 

1966  Hicks- Wise,  Sec.  2,  T.  17,  R.  10  E.  $3.14  gold  per  ton,  no  silver. 

1967  Hicks-Wise,  Sec,  2,  T.  17,  R.  10  E.  $4.30  gold  per-ton,  no  silver. 
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A  belt  of  light  green  colored ,  highly  pyritif erous,  altered 
eruptive  rock  occurs  paralleling  the  "Talladega"  slate 
proper  of  the  Talladega  Mountains,  on  the  south-eastern 
edge ;  and  apparently  maintaining  its  continuity  along 
the  line  of  strike,  from  the  Coosa  River,  near  the  mouth 
of  Weogufka  Creek,  towards  the  north-east  into  Cleburne 
county. 

This  rock  is  distinguishable  from  the  "Talladega" 
slates  by  the  large  percentage  of  unaltered  pyrites  it  car- 
ries, as  well  as  by  its  massive  structure,  hardness  and 
toughness.  These  last  characteristics  cause  it  to  be  very 
difficult  to  drill  and  blast ;  while  the  quantity  of  crystals 
of  pyrites  imbedded  in  it  has  proved  in  the  past  very 
attractive  to  prospectors  for  copper  ore.  At  the  present 
day  it  is  receiving  attention  from  the  prospectors  for  iron 
pyrites  for  treatment  in  the  acid  plants,  in  converting 
such  into  sulphuric  acid. 

With  what  degree  of  success  this  class  of  mining  will 
be  attended  in  -Alabama,  is  impossible  to  determine  at 
this  early  date  ;  because  the  industry  has  not  passed  be- 
yond the  age  of  infancy. 

* 

The  Chulajinnee  and  Arbacoocliee  Mining  Districts 

in  Cleburne  countv  are  located  on  the  south-eastern  bor- 
der  of  this  formation.  As  early  as  1842  placer  mining 
was  carried  on  in  these  districts  very  extensively.  Es- 
pecially was  this  the  case  with  regard  to  Arbacoochee, 
when  the  town  bearing  that  name  was  a  typical  placer 
mining  camp,  in  all  that  the  name  implies.  The  stories 
of  big  nuggets,  and  rich  pockets  or  beds  of  gravel,  are 


HILLABEE  (iWANA)   GREEN  SCHIST  BELT.  85 

to  a  certain  extent  facts,  proven  by  the  returns  from  the 
Mints,  in  which  Alabama  is  credited  with  producing 
$365,300.00  in  gold  between  the  years  1799  and  1879, 
the  bulk  of  which  came  from  this  district.  I  group  these 
districts  under  one  head  because  they  are  in  the  same 
geological  formation,  the  continuity  of  which  is  main- 
tained throughout.  While  Chulafinnee  is  located  about 
10  miles  to  the  south-west  of  Arbacoochee,  and  across  the 
Tallapoosa  River,  yet  from  a  miner's  standpoint  the  re- 
lationship between  the  two  localities  is  so  close  that  I 
am  justified  in  classing  them  under  one  head ;  although 
I  shall  consider  the  occurrences  of  gold-bearing  ore  and 
gravel  in  each  separately. 

The  Chulafinnee  Mines  are  located,  so  far  as  at  present 
discovered,  in  Sees.  U,  lo,  16,  23,  2£,  25,  T.  17,  R.  9.  E. 
The  most  extensive  placer  mining  in  the  past  was  done 
on  these  tracts,  through  which  the  waters  of  Chulafinnee 
and  Carr   Creeks  flow. 

Judging  from  the  extent  of  the  tailing  dumps  and 
workings,  the  gravel  beds  must  have  been  quite  exten- 
sive. But  these  have  been  worked  out  where  profitable, 
and  to-day  some  five  or  six  feet  of  surface  soil  have  to  be 
removed  to  reach  gold-bearing  gravel,  which  will  pay  an 
average  of  75  cents  a  day  to  the  nian  by  sluicing.  Con- 
sequently these  cannot  any  longer  be  Considered  as  pay- 
ing placer  mines,  though  the  formation  would  warrant 
investigation  with  the  view  of  adopting  hydraulic  min- 
ing, and  such  might  prove  profitable  because  the  gravel 
beds  exposed  under  the  soil  are  apparently  of  consider- 
able extent. 

So  far  as  quartz  mining  is  concerned,  but  little  work 
has  been  performed,  except  at  the 

King  Mine,  Sec.  16,  T.  17,  R.  9  E. — Here  a  stamp  mill 
was  in  operation  in  the  '•'  seventies  ;' '  but  work  was  aban- 
doned, it  is  claimed,   because   of  litigation.     The  old 
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openings  show  that  mining  was  carried  on  quite  exten- 
sively ;  but  it  is  impossible  to  form  any  estimate  of  the 
extent  of  the  ore  body,  because  the  deeper  shafts  are 
filled  with  water,  while  the  shallow  openings  have  been 
abandoned  so  long  they  are  filled  with  debris.  In  one 
pit,  near  the  surface,  I  was  enabled  to  expose  a  seam  of 
hard  white  quartzite  about  six  inches  thick,  having  a 
N.  and  S.  strike/and  dipping  nearly  vertically  towards 
the  E . ,  bedded  in  strata  of  decomposed  schist .  This, 
however,  could  hardly  have  been  what  the  owners  were 
working,  because  it  only  assayed  $1.03  a  ton  in  gold. 
From  the  extent  of  this  pit,  the  mouth  of  which  covers 
an  area  of  some  2,500  square  feet,  it  would  appear  as 
though  the  country  rock  had  been  milled,  as  well  as  the 
thin  strata  of  quartzite. 

Striplin,  Sec.  22 ,  T.  11 ',  R.  9  E. — Here  sufficient  pros- 
pecting  has  been  done  to  show  the  occurrence  of  a  body 
of  gold-bearing  quartz  of  irregular  structure,  character- 
istic of  such  outcrops  as  miners  designate  as  1 1  blow-outs 
or  burst-ups." 

The  shallow  openings  were  made  on  the  summit  of  a 
ridge,  extending  N.  E.  and  S.  W.  between  the  head 
waters  of  Carr  Creek.  The  gravel  in  both  of  these 
branches  is  gold-bearing,  and  the  old  dumps  and  pits 
show  that  placer  mining  of  extent  was  done  in  the  past. 
Sufficient  depth  was  not  reached  in  this  prospect  work 
to  determine  any  facts  relative  to  extent,  value  or  per- 
manency. 

On  the  south-east  slope  of  this  ridge  another  pit  some 
eight  or  ten  feet  deep  exposes  some  narrow  stringers  of 
a  white  sugary  quartzite,  with  a  north  and  south  strike 
and  almost  vertical  dip  towards  the  east,  bedded  in 
strata  of  decomposed  schist,  apparently  the  same  as  occurs 
in  the  Arbacoochee  mines  f  This  prospected  fairly  well 
by  panning  without  crushing,  thus  showing  that  the 
gold  from  the  quartz  had  been  disseminated  through  the 
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decomposed  schist,  to  some  extent. 

The  quartz  in  this  prospect  I  preserved  after  ^panning, 
and  by  assay  it  yielded  $3.31  in  gold  a  ton. 

Samples  I  took  from  several  outcrops  assayed  between 
sixty  and  seventy  cents  a  ton  in  gold . 

A  discovery  has  been  recently  reported  (Sept.,  1894) 
as  having  been  made  on  the 

Higginbottom  Property,  adjoining  the  Striplin  on  the 
north-east.  The  ore  bodv  resembles  the  thin  strata  of 
quartz  and  decomposed  schist  described  as  occurring  on 
the  Striplin  land.  It  pans  very  richly  at  the  surface, 
and  is  sufficiently  promising  as  a  prospect  to  warrant 
the  performance  of  work,  to  prove  its  extent  and  value 
at  depth. 

Between  the  Chulafinnee  mines  and  Arbaooochee 
mines  no  discoveries  of  gold  have  been  made.  In  fact, 
I  can  learn  of  no  prospecting  work  of  recent  date  that 
has  been  done;  although 'the  formation  maintains  its 
continuity  and  gold  can  be  panned  out  of  the  gravel  in 
nearly  any  of  the  creek  beds  or  gullies,  in  small  quan- 
tities . 

Arbacoochee  Mines,  Sections  5 ,  6  and  7,  T.  17 ,  R.  11  E. 
These  sections,  I  learn  from  information,  as  well  as  ob- 
servation, judging  from  the  old  dumps  and  workings, 
furnished  all  the  gold  credited  to  Arbacoochee  in  the  old 
days  of  placer  mining. 

To-day  there  are  spots  on  either  of  these  sections 
which  yield  profitable  results  from  sluicing,  and  a  large 
area  would  pay  for  hydraulic  mining,  provided  water 
could  be  obtained  in  sufficient  quantity,  and  pressure  by 
gravitation . 

On  section  5  h)Tdraulic  mining  has  been  carried  on 
at  irregular  intervals  for  several  years  past.  But  as  no 
record  of  the  yield  has  been  kept,  it  is  impossible  to 
make  any  reliable  estimate  of  the  amount  of  gold  cleaned 
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up.  Traditions  are  related  which,  however,  cannot  be 
sufficiently  reliable  to  base  any  statistics 'upon.  Many 
of  these  place  fabulous  values  on  some  pockets  and  beds 
of  gravel  washed  out  in  the  past.  Nuggets  ranging  in 
value  from  $1.00  to  $1,300.00  are  claimed  to  have  been 
found  by  different  miners  at  various  spots  throughout 
the  entire  district. 

There  is  one  feature  which  deserves  attention,  and  it 
is  the  fact  that  at  no  point  has  solid  formation  been 
reached  in  the  old  workings.  The  bed  rock  has  been 
considered  to  be  a  red  clay*  which  underlies  the  gravel 
beds.  These  gravel  beds  occur  in  pockets  about  three 
feet  in  thickness,  and  very  close  to  the  surface,  on  a 
ridge,  which  apparently  was  the  bed  of  the  creek,  which, 
has  since  cut  its  channel  to  a  considerable  depth  below 
the  suirimit  of  this  ridge. 

To  determine  the  present  value  of  these  hill  "dig- 
gings/'as  they  maybe  termed,  would  require  avast 
amount  of  time  and  actual  work,  which  the  survey  is 
not  prepared  to  devote  to  it. 

In  1893  an  expert  examination  was  made  by  W.  M. 
Courtis,  of  Detroit,  Mich.,  of  a  portion  of  Sec.  6y  known 
as  the  "Denson"  property.  This  expert  informed  me  at 
that  time  that  the  value  of  the  placer  ground  on  a  por- 
tion of  the  section  was  20c.  a  yard.  However,  he  gave 
•me  no  figures  as  to  extent,  which,  of  course,  would  be 
most  important.  But  as  to  water  facilities,  he  informed 
me  it  would  be  necessary  to  bring  the  supply  from  the 
Tallapoosa  River,  the  nearest  point  being  about  two  and 
a  half  miles. 

Considerable  prospecting  for  quartz  veins  has  been 
done  in  this  district  with  varying  results.  But  no  plant 
has  ever  been  erected  to  treat  any  of  the  gold-bearing 


♦This  "red  clay"  is  in  many  places  seen  to  be  merely  the  thoroughly 
decomposed  rock,  the  "saprolite"  of  Prof.  Becker.  See  also  Report 
of  Alabama  Geological  Survey  for  1874,  p.  44.  E.  A.  S. 
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quartz,  although  several  veins  (usually  thin)  have  been 
exposed  in  the  prospect  pits,  which  yield  good  results. 
Some  very  fine  free  gold  specimens,  the  quartz  carrying 
the  gold  being  of  a  whitish  sugary  nature,  have  been 
found  both  as  float  and  in  some  of  the  vein  stone. 

The  maximum  extent  in  width  of  the  Arbacoochee 
gold-bearing  gravel  belt  is  attained  on  sections  5  and  6, 
where  it  is  fully  one  mile  across  from  the  northwestern 
to  the  southeastern  boundaries.  One  very  noticeable 
difference  occurs  in  the  country  rock  on  the  north-west- 
ern side  of  this  belt  and  that  on  the  south-eastern,  or 
rather  in  the  formation  which  parallels  this  "Iwana" 
rock  formation  on  the  north-west,  ami  that  which  paral- 
lels the  placer  district  on  the  south-east.  The  "Talla- 
dega' '  slate  beyohd  the  north-western  boundary  is  less 
crystalline,  and  carries  no  "iron  garnets"  (i.  e.,  altered 
pyrites)  ;  but  apparently  the  same  type  of  slate  beyond 
the  south-eastern  body  is  very  highly  garnetiferous,  and 
almost  fully  crystalline,  graduating  into  hydro-mica  and 
mica  schists  further  to  south-east.  Another  appreciable 
difference  is  that  the  formation  to  the  north-west  for  a 
distance  of  at  least  five  miles  is,  so  far  as  at  present 
known,  entirely  non-mineral  bearing  ;  while  on  the  south- 
east it  is  gold  bearing. 

In  following  the  Arbacoochee  belt  towards  the  north- 
east and  along  the  Trickem  Valley,  I  found  that  less 
regularity  existed  in  the  maintenance  of  its  width  than 
is  the  case  to  the  south-west.  Although  towards  the 
south-west  the  pay  diggings  are  found  to  occur  only 
in  spots,  yet  'the  formation  maintains  its  continuity  and 
average  width  yielding  colors  generally  where  any  gravel 
is  washed,  beyond  the  recognised  limits  of  the  placer 
diggings  ;  but  not  sufficient  to  warrant  its  classification 
as  pay  dirt. 

Hence,  while  the  formation  is  continuous  from  Chula- 
finnee  to  Arbacoochee,  it  is  only  on  the  tracts  I  have  par- 
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ticularly  referred  to  that  pay  diggings  really  occurred . 

Near  and  below  water  level  quicksand  occurs  in  this 
formation  through  the  northerly  portion  of  the  district, 
but  in  the  southerly  hard  bed  rock  is  reached  at  shallow 
depth . 

In  a  north-easterly  direction  from  Sec.  5  the  placer 
belt  diminishes  in  width  very  rapidly,  and  near  the 
north-west  corner  of  Sec.  2,  T.  17,  R.  11  E.,  it  is  entirely- 
lost,  so  far  as  the  State  of  Alabama  is  concerned;  at 
least,  so  far  as  is  at  present  known  from  the  prospecting 
that  has  been  done. 

During  the  summer  of  1895,  the  Hilton  Brothers  and 
R.  E.  Merrill  obtained  an  option  on  200  acres  of  section 
7,  and  the  first  named  a  lease  on  20  acres  of  the 
Denson  property  on  the  west  half  of  section  6,  and 
immediately  adjoiiiing  section  7  on  the  north  side. 
This  action  was  based  on  a  tradition  of  a  very  rich  find 
made  by  a  man  named  Marable  in  the  "forties,"  in  the 
placer  ground  drained  by  Clear  Creek.  The  father  of 
the  Hiltons^had  marked  the  location  of  this  find,  and 
bequeathed  the  knowledge  tp  his  family  before  his  death. 
The  understanding  was,  that  at  any  time  the  brothers 
could  obtain  an  option  or  lease  on  the  property  he  desig- 
nated, that  they  should  work  it  for  the  benefit  of  the 
family.  Tradition  said  that  Marable  had  taken  llf  lbs. 
of  gold  from  this  pit  in  a  half  day,  celebrated  his  dis- 
covery by  a  carousal,  during  which  he  died.  The  pit  in 
the  meantime  had  filled  with  water,  and  had  not  been 
disturbed  since  that  day  in  the  " forties,' '  until  the  sum- 
mer of  1895. 

After  prospecting  for  some  weeks  the  ore  was  encoun- 
tered, together  with  a  large  quantity  of  gold  dust  and 
nuggets .  The  most  important  feature  of  this  discovery 
was  the  auriferous  quartz  in  place.  A  dispute  arose 
between  the  owners  of  the  properties  relative  to  the  land 
line  as  soon  as  the  discovery  was  made,  which  caused 
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the  suspension  of  operations  at  that  particular  point. 
When  work  was  stopped,  a  fresh  fracture  in  the  quartz 
in  place  showed  native  gold  imbedded  in  it,  in  suffi- 
ciently large  particles  to  be  visible  to  the  naked  eye  20 
feet  distant. 

The  country  rock  proved  to  be  a  gneiss,*  in  which  the 
auriferous  quartz  was  bedded,  the  strike  and  dip  con- 
forming, so  far  as  seen,  with  the  structure  of  the  coun- 
try rock.  Sufficient  work  had  not  been  done  to  deter- 
mine the  structure  of  this  ore  body,  or  its  permanency. 
In  thickness  it  was  about  six  inches. 

The  result  of  this  discovery  was  the  performance  of  a 
large  amount  of  prospecting  work  by  a  Chattanooga  syndi- 
cate to  which  the  Hiltons  had  sold  their  option.  This  was 
done  at  several  points  on  section  7,  and  is  being  carried  on 
at  the  time  of  making  this  report . 

Other  adjoining  properties  shared  in  the  activity  and  the 
entire  district  changed  its  aspect  from  one  of  abandonment 
to  one  of  life. 

T.  H.  Aldrich  of  Birmingham  optioned  the  east  half  of 
section  6,  or  the  Creamer  property,  as  it  is  locally  called. 
He  commenced  a  systematic  method  of  prospecting  to  en- 
deavor to  discover  the  rich  ore  body  to  the  north-east  along 
its  line  of  strike.  Several  cross  cut  trenches  were  dug,  and 
at  two  points  the  ore  body,  or  what  was  apparently  the  same, 
was  cross  cut.  These  were  located  about  1,000  and  1,700' 
feet,  respectively,  from  the  Marable.  If  these  belong  to  the 
body  discovered  by  the  Hiltons,  then  there  is  every  reason 
to  believe  that  a  series  of  faults  occur  in  the  formation 
which  have  thrust  the  body  from  its  normal  line  of  strike, 
because  where  discovered  by  Mr  Aldrich,  the  auriferous 
quartz  is  600  or  700  feet  north  of  the  normal  line  of  strike. 
This  theory  is  tenable  from  the  fact  that  in  a  shaft  sunk  30 
feet  south,  of  the  Marable  pit,  a  well  defined  fault  is  seen, 
and  in  a  pit  sunk  a  few  degrees  west  of  south  of  the  Marable 

*  -        -  ,  ,,m     ■■  ^ M— I ' 

•See  Mr.  Brooks'  notes,  Part  II  of  this  report.  E.  A.  S. 
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pit,  a  few  feet  distant,  and  on  the  line  of  strike  of  the  ore 
body,  such  was  not  exposed.  If  the  ore  bodjr  was  contin- 
uous, it  must  have  been  exposed  in  this  pit. 

The  same  country  rock  as  is  encountered  in  the  Hiltons' 
workings  is  found  to  extend  through  the  east  half  of  section 
6  to  the  north-east,  as  well  as  through  section  7  to  the  south- 
west, and  is  apparently  about  800  feet  wide.  This  is  a 
gneiss,  and  further  examination  proves  .that  the  same  char- 
acter of  country  rock  is  continuous  through  this  as  well  as 
the  Chulafinnee  mining  district  on  the  opposite  side  of  the 
Big  Tallapoosa  river,  crossing  that  river  in  the  vicinity  of 
Denman's  bridge.  Several  bodies  of  auriferous  quartz,  of 
low  grade,  at  the  outcrop,  cross  the  east  half  of  section  6, 
but  have  not  been  prospected  beyond  its  lines. 

The  Anna  Howe,  Anna  Howe  Extension  and  Crutchfield 
ore  bodies  form  the  north-western  boundary  of  the  placer 
diggings,  and  undoubtedly  have  furnished  a  great  deal  of 
the  gold  found  in  those  diggings. 

Although  the  outcrops  of  neither  the  Anna  Howe  nor  the 

Crutchfield  can  be  traced  above  the  surface  to  the  south-west 
beyond  the  west  line  of  section  5,  with  sufficient  clearness  to 
establish  continuity  along  the  line  of  strike,  with  any  of  the 
quartz  bodies  in  the  Chulafinnee  district,  yet  from  the  simi- 
larity in  the  relations  of  the  two,  I  am  of  opinion  that  the  ore 
body  at  the  King  Mine  in  Sec.  1(5,  T.  17,  R.  9  E.  is  really 
an  extension  of  the  Anna  Howe. 

In  Coosa  county  some  60  miles  or  further  to  the  south-west, 
in  the  same  formation,  (Talladega  slate,  close  to  the  Iwana 
or  Hillabee  schists)  we  find  the  old  Parson7 s  Mi?ie,  Sec.  ^, 
T.  ,?o,  R.  17  E.,  which  was  worked  quite  extensively  4  or  5 
years  since.  Here  we  have  a  narrow  quartz  vein  with  lentic- 
ular structure  bedded  in  the  slate,  having  its  strike  N.  E. 
and  dip  towards  the  S.  E.  at  45  deg.  When  I 
visited  this  mine,  in  company  with  Dr.  Eugene  A.  Smith, 
during  the  summer  of  1894,  we  found  it  impossible  to  de- 
termine any  facts  with  regard  to  permanency,  extent  or  value 
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of  the  ore  body.  The  old  pits  and  dumps,  open  cuts,  and 
deep  shafts  denoted  that  the  mining  operations  had  been  on 
quite  an  extensive  scale;  but  not  performed  systematically, 
or  apparently  with  any  view  to  development  for  future  min- 
ing. The  idea  being,  as  it  seemed  to  me,  to  obtain  what  ore 
could  be  got  as  cheaply  as  possible,  and  let  the  workings 
fill  up  with  water  or  cave  in. 

But  to  return  to  the  Anna  Howe  Extension,  Sec.  34,  T. 
16,  R.  11  E.  and  Crutchjield  on  the  same  section,  in  fact  a 
portion  of  the  same  property. 

The  ore  of  the  last  named  has  been  discovered  at  no  other 
points  except  on  this  property,  and  on  Sec.  3,  T.  17, 
R.  11  E. 

The  abandoned  pits  along  tbe  line  of  strike  of  this  ore 
body  on  Sec.  34,  are  evidence  of  the  work  done  in  the  past, 
when  as  I  am  informed  some  $2,500.00  was  taken  out  of  the 
vein,  which  varied  from  4  in.  to  a  foot  thick,  from  shallow 
pits.  These  were  sunk  10  or  15  feet  on  the  dip  of  the  ore 
body,  which  lies  almost  flat,  dipping  towards  the  south-east. 
All  the  ore  that  could  be  worked  out,  without  timbering  or 
danger  from  caving,  was  mined.  That  pit  was  then  aban- 
doned for  another,  to  be  in  its  turn  worked  out  and  aban- 
doned, until  the  line  of  pits  reaches  for  nearly  half  a  mile 
in  a  course  slightly  north  of  east. 

On  Sec.  8,  T.  17,  R.  11  E.  known  as  the  Valdor  property, 
a  shaft  about  10  feet  deep  has  been  sunk  on  an  ore  body,  ap- 
parently an  extension  of  the  Crutchfield.  An  ore  body  or 
bedded  vein,  having  lenticular  structure,  and  v&rying  in 
width  from  4  inches  to  a  foot  has  been  exposed.  This  dips 
to  the  south,  lying  almost  flat,  and  has  its  line  of  strike 
N.  W.  at  this  particular  spot.  But  on  Sec.  34,  the  vein  has 
the  normal  line  of  strike  general  in  the  Alabama  gold  fields 
N.  E.  Except  that  the  ore  has  the  same  appearance,  and  in 
general  characteristics,  except  strike  and  direction 
of  dip;  these  ore  bodies  bear  strong  resemblance,  bnt  I 
can    not      determine      positively     that   the      Valdor     is 
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an  extension.     The  faet  that  the  line  of  strike  of  the  slates 
changes  on  the  Anna  Howe,  Sec.  33,  T.  169R.'ll  E.  makes  a 

«  * 

strong  presumption  for  the  theory  in  favor  of  the  extension. 

The  Anna  Howe  itself  was  one  of  the  first  gold  bearing 
quartz  discoveries  in  the  Arbacoochee  district.  It  is  a  seg- 
regated or  bedded  vein  of  highly  sulphuretted  white  quartz, 
plentifully  stained  with  ir&n,  and  partially  porous  and  de- 
composed. From  the  surface  down,  a  distance  of  about  100 
feet,  on  an  incline  with  the  dip  of  the  vein,  the  country  rock 
enclosing  this  ore  body,  had  much  the  same  appearance  of 
decomposed  schist  and  quicksand  as  is  found  in  the  placer 
diggings.  But  at  that  depth  this  gave  place  to  the  solid 
"Iwana"  or  Hillabee  schist  walls,  highly  pyritiferous,  carry- 
ing crystals  of  unaltered  pyrites,  in  quite  large  cubes,  as 
well  as  forming  a  large  per  centage  of  the  entire  mass  of 
slate.  When  this  solid  formation  was  reached,  I  am  in- 
formed, that  the  vein  pinched  out  entirely,  and  further  work 
was  abandoned. 

That  portion  known  as  the  Anna  Howe  was  sold  to  a 
syndicate  composed  chiefly  of  New  Orleans  capitalists, 
who  organized  as  the  Anna  Howe  Gold  Mining  Com- 
pany. A  Huntington  Mill  complete,  with  Frue  Vanner 
concentrating  table  attached,  was  erected,  and  treatment 
of  the  ore  commenced  and  continued  until,  as  I  have 
already  stated,  work  was  abandoned  when  the  ore 
pinched  out.  Since  that  time  the  mine  has  remained 
idle,  and  the  workings  and  incline  shaft  are  full  of  water. 
The  prospectus  of  this  company  signed  by  George  D. 
Stonestreet,  Mining  Engineer,  and  Member  Am.  Insti- 
tute Mining  Engineers,  is  certainly  a  work  of  art,  so  far 
as  estimates  with  regard  to  extent  and  permanency  of 
the  ore  body  is  concerned.  He  figuring  on  190,728  tons 
of  ore  in  veins,  and  297,000  tons  of  placer  gravel  in  sight 
approximately,  as  well  as  figuring  on  the  yield  of  a 
profit  of  $6,646,857.00,  or  40f  per  cent,  per  annum.  As 
an  actual  matter  of  fact,  it  is  absolutely  impossible  to 
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figure  on  any  ore  in  sight,  even  under  the  most  favorable 
circumstances.  Because,  as  I  am  reliably  informed  and 
as  the  extension  shows,  the  ore  body  has ,  that  irregular 
lenticular  structure,  on  which  it  is  very  unsafe  to  form 
any  estimates  regarding  the*  quantity  of  ore  in  sight, 
even  when  the  mining  is  of  such  a  character  as  will 
enable  any  estimates  to  be  made.  Besides  this,  the  ore 
body  at  its  thickest  was  only  a  narrow  seam,  as  is  shown 
on  the  extension.  I  call  attention  to  these  facts  not  to 
condemn  any  particular  man  or  property;  but  because  I 
consider  it  against  the  best  interests  of  the  state  for  such 
perverted  and  exagerated  statements  regarding  the  facts 
to  be  published  and  circulated. 

About  the  same  time  that  the  Anna  Howe  was  sold, 
and  the  company  organized,  a  syndicate  of  Birmingham 
and  New  Orleans  capitalists  purchased  the  Extension  on 
Sec.  3h  T.  16,  R.  11  E.f  and  organized  another  com- 
pany. Active  raining  operations  were  carried  on  for  a 
while,  which  were  chiefly  confined  to  the  Crutchfield 
vein  which  I  have  described  earlier  in  these  pages.  No 
plant  was  erected  by  this  company  and  work  was  aban- 
doned when  the  same  co'urse  was  pursued  at  the  Anna 
Howe  mine  proper. 

Recently  work  has  been  resumed  on  the  extension,  by 
a  lessee;  who  pumped  out  an  old  shaft  sunk  in  1877  and 
continued  sinking  in  order  to  cross  cut  the  ore  body  at 
depth  in  the  solid  formation  and  prove  the  conditions 
there  existing.  After  sinking  for  several  feet,  and  attain- 
ing a  depth  of  some  60  feet  from  •  the  surface,  the  water 
became  of  greater  volume  than  the  capacity  of  the  pump , 
and  work  on  this  was  suspended.  The  only  results 
demonstrated  were  the  extreme  hardness  of  the  "Iwana" 
and  rock,  that  the  percentage  of  pyrites  carried  by  that 
rock,  did  not  increase  to  any  marked  extent  as  the  sink- 
ing  progressed. 

The  lessee  then  re-opened  an   old  tunnel  and  incline 
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which  had  been  abandoned  when  mining. was  discon- 
tinued. From  this  opening  he  succeeded  in  taking  opt 
about  ten  tons  of  a  highly  sulphuretted  quartz,  some- 
what decomposed  and  porous  in  spots,  as  well  as  being 
plentifully  stained  with  iron  oxides .  This  he  attempted  to 
mill  and  treat  by  amalgamation,  saving  the  concentrates 
with  blankets.  He  informed  me  that  he  succeeded  in 
saving  $175.00  from  the  ten  tons;  besides  the  concen- 
trates, of  the  value  of  which  he  was  unaware.  From 
the  appearance  of  the  ore,  and  all  the  general  character- 
istics of  the  formation,  this  is  certainly  an  extension  of 
the  Anna  Howe  vein.  The  ore  body  is  only  a  few  inches 
in  thickness,  and  has  the  lenticular  structure,  and  almost 
flat  dip,  typical  of  this  district  in  the  quartz  veins. 

On  Section  5>  T.  17,  R.  11  E.,  an  ore  body  resembling 
the  Anna  Howe  vein  has  been  exposed  in  a  shallow  pros- 
pect hole,  but  sufficient  work  to  determine  its  extent  had 
not  been  performed  at  the  time  of  my  visit.  Some  of 
the  ore  near  the  surface,  after  being  thoroughly  roasted 
and  treated  by  stiff  amalgamation,  yielded  about  $30.00 

4  _ 

a  ton  in  gold.  This  ore  though  is  not  adapted  for  any 
treatment  other  than  barrel  chlorination  or  smelting,  or 
possibly  the  cyanide  process. 

The  line  of  strike  of  the  Anna  Howe  vein  is  irregular, 
and  by  actually  following  the  formation  I  found  it 
assumed  a  zigzag  course .  Consequently  it  is  found,  espe- 
cially towards  the  north-east  from  Sec.  34,  to  change 
from  North-east  to  North-west  several  times  within 
a  few  miles.  Near  .the  north- west^  corner  of  Sec- 
tion 2,  T.  17,  R.  11  E.,  it  assumes  its  normal  line  of 
strike  ;  but  near  there  it  is  apparently  cut  off  by  a  fault, 
and  together  with  the  placer  belt  is  lost  to  the  north-east 
so  far  as  Alabama  is  concerned.     From  the  geological 

conditions  surrounding  the  locality,  there  is  foundation 
for  the  theory  that  the  Camille  Mine  in  Haralson  county, 
Georgia,  is  the  north-east  extension  of  the  Anna  Howe 
0re  body . 
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Assays. 

Assays  by  Dr.  J.  H.  Pratt,  of  Birmingham,  Ala.,  on 
samples  from  the  Chulafinnee  and  Arbacoochee  Districts, 
resulted  a*  follows : 

2049    King  Mine,  Sec.  16,  T.  17,  E.9E.,  $1.03  in  gold  per  ton. 
2051    Valdor,  Sec.  3,  T.  17,  R.  11  E.,  Crutchfield  vein,  $5*17  a  ton  in 

gold. 
2054    Striplin,  Sec.  22,  T.  17,  R.  9  E.,  $3.31  a  ton  in  gold. 
2057    Anna  Howe,  Sec.  33,  T.  16,  R.  11  E.,  $12.40  a  ton  in  gold. 

1976  Reeves'  Shaft,  Sec.  6,  T.  17,  R.  11  E.,  $2.40  a  ton  in  gold. 

1977  "  "       Sec.  6,  T.  17,  R.  HE.,  $2.36  a  ton  in  gold. 


\ 
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TALLADEGA  AND  TERRAPIN  MOUNTAINS. 

Riddle's  Mill.  On  Sec.  16,  T.  19,R.6E.,  in  Talladega 
county ,  near  Waldo  P .  0 .  or  Riddle 's  Mill ,  there .  is  an  oc- 
currence of  gold-bearing  quartz.  This  is  on  the  north- 
western flank  of  the  Blue  Ridge  Range  of  Mountains, 
locally  known  as  the  Talladega. 

The  ore  body  is  a  white  quartz,  highly  sulphuretted, 
and  having  its  line  of  strike  North-west,  with  its 
dip  almost  flat,  and  towards  the  S.  E.  The  structure  is 
that  of  a  bedded  vein ,  of  lenses  or  kidneys  of  gold-bearing 
quartz;  with  its  continuity  maintained  withxlepth,  so 
far  as  mining  has  exposed  to  the  depth  reached,  not  to 
exceed  100  feet  on  an  incline  with  the  dip  of  the  ore  body. 
But  in  the  connection  found  to  exist  between  the  lenses 
or  kidneys,  the  thickness  of  the  streak  pinches  to  a  mere 
trace ;  while  these  kidneys  rarely  exceed  four  inches 
at  the  thickest  part.  The  value  of  this  quartz 
varies  from  $20.00  a  ton  in  gold  to  $150.00  by  assay  test. 
The  country  rock  is  the  "Talladega"  variety  of  semi- 
crystalline  slate.  # 

Some  fabulously  rich  pockets,  I  am  informed,  were  dis- 
covered at  and  near  the  outcrop.  At  one  time  a  syndicate 
from  Birmingham,  Ala.,  mined  and  milled  the  ore  for  about 
6  months;  but  work  was  abandoned  because  of  the  inabilitv 
to  save  values  by  amalgamation. 

A  system  of  concentration  was  also  adopted  but  proved 
unsatisfactorv.  Since  then  several  local  miners  have  from 
time  to  time  leased  the  property,  and  sometimes  made  good 
wages  with  a  pan,  pestle  and  mortar,  by  crushing  the  sur- 
face ore,  and  panning  it.  During  the  summer  of  1894,  Mr. 
Walter  Riddle  one  of  the  owners,  milled  the  ore  mined  bv 
lessees,  in  a  small  mill  with  light  stamps,  with  some  degree 
of  success. 
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The  continuity  of  this  vein  is  maintained  along  the  line  of 
strike  with  well  defined  regularity,  Tor  a  distance  of  some 
two  miles  to  the  south-west  from  the  north  line  of  Sec.  16. 
Mining  of  considerable  extent  but  in  a  primitive  method  has 
been  done  on  the  Riddle  property,  and  the  prospect  pits  ex- 
tend for  over  half  a  mile.     . 

On  the  Woodtvard  tract  in  Sec.  16  and  adjoining  the 
Riddle  the  same  ore  body  has  been  prospected  to  a  limited 
extent. 

In  a  south-westerly  direction  from  this  last  mentioned 
prospecting,  the  vein  crosses  Talladega  creek,  and  can  be 
followed  by  the  float  and  outcrop  of  the  country  rock  to  the 
old 

Story  Mine,  Sec.  17,  T.19,R.  6  E.  where  quite  extensive 
mining  operations  and  some  milling  were  curried  on  several 
years  since.  The  ore  was  mined  from  the  surface  down,  on 
an  incline  with  the  dip  some'  60  feet.  At  the  heading,  and 
where  exposed  along  the  sides  of  this  incline,  the  ore  body 
shows  the  same  characteristics  as  on  the  Riddle,  and  Wood* 
ward  properties. 

Towards  the  north-east  I  can  learn  of  no  successful  pros- 
pecting in  this  formation  having  been  done. 

Some  3  njiles  to  the  north-east  of  Ironaton,  a  Mr.  Seay 
the  original  owner  of  the  Clifton  Iron  Company's  ore  lands, 
has  prospected  for  years  for  silver.  His  prospecting  work 
is  founded  on  the  traditions  from  the  Indians,  in  which  he 
apparently  has  implicit  confidence;  because  although  his 
work  has  invariably  resulted  in  failure  yet  he  persists  in 
continuing  his  search. 

Further  to  the  north-east  in  the  Terrapin  Mountains  and 
in  the  same  "Talladega"  semi-crystalline  slate  formation, 
but  on  the  extreme  north-western  edge  are  occurrences  of 
quartz.  These,  or  rather  some  of  these,  I  find  by  prospect- 
ing carry  a  little  gold  at  the  outcrop,  but  not  sufficient  to 
warrant,  in  my  opinion  any  investment  of  capital,  to  develop. 
But  no  work  of  any  extent  has  ever  been  done.  The  quartz 
seams  bear  a  strong  resemblance  to  those   around   Waldo, 
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and  are  impregnated  with  crystals  of  iron  pyrites,  sometimes 
measuring  nearly  an  inch  across  the  faces. 

Graphitic  slate. — There  are  indication^  of  a  deposit  of 
graphite  on  Sec.  8,  T.  13,  R.  11,  on  the  Treadivay  plantar 
Hon.  A  short  tunnel  run  into  a  bed  of  graphitic  slate, 
highly  pyritous,  several  years  since  has  exposed  such  a 
deposit.  It  is  possible  that  further  work  ■  might  result  in 
exposing  a  deposit  of  solid  pyrite. 

• 
Assays. 

Assays  by  Dr.  J.  H.  Pratt  show  the  following  results: 
1993  Riddle's  near  Waldo,  $35.97  a  ton  gold;  83,cts.  silver, 
1994:  Woodward's  $H5.83  a  ton  gold;  $1.58  silver. 
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There  are,  as  far  as  ray  observations  have  reached,  asso- 
ciated with  Alabama  gold  belts,  four  distinct  belts  of  granite 
veins  carrying  mica,  and  feldspar.  Their  commercial  value, 
and  importance,  are  to-day  almost  entirely  speculative,  be- 
cause of  the  limited  extent  of  the  mining  operations,  as  well 
as  crudeness  of  the  actual  work  done  in  the  past,  and  shallow 
depth  attained  in  the  workings. 

The  feldspar  is  found,  so  far  as  present  development  shows, 
usually  in  a  state  of  decomposition,  or  as  kaolin.  This  re- 
sult of  decomposition  has  been  promoted  by  the  action  of 
the  carbonic  acid  of  rain  and  other  waters,  which  removes 
the  alkali;  also  by  that  of  the  organic  acids  which  the  de- 
composition of  plants  or  animals  contribute  to  such  waters. 

While  apparently  several  quite  extensive  beds  of  this 
kaolin  exist  at  some  points  along  the  mica  belts,  yet  at  pres- 
ent the  extent  Ls  unknown,  because  no  systematic  work  cal- 
culated to  determine  such  has  been  performed. 

On  the  Denman  property,  Sec,  21,  T.  17,  R.  10  E.,  the 
indications  are  that  a  bed  exists  capable  of  producing  a  suffi- 
cient quantity  of  high  grade  kaolin,  to  warrant  the  erection 
of  a  plant  for  the  manufacture  of  fine  porcelain,  in  the  vicinity 
of  Heflin  in  Cleburne  county,  on  the  line  of  the  Georgia 
Pacific  Kailroad  8  miles  distant  from  the  mines. 

m 

Several  tests  have  been  made  of  this,  kaolin  as  to  grade; 
and  ware  has  been  manufactured  from  it.  This,  I  am  re- 
liably informed,  was  pronounced  equal  to  any  ware  manu- 
factured from  the  imported  China  clay. 

The  only  vicinity  where  feldspar,  in  crystals,  sufficiently 
hard  and  pure  to  possess  a  commercial  value,  has  been  dis- 
covered, up  to  the  preseat  time,  is  in  the  neighborhood  of 

Hi88op  P.  0.  in  Coosa  county. — There  a  fine  body   of 


s 
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considerable  extent  has  been  mined  and  some  sample  ship- 
ments, made  to  the  Standard  Coal  and  Coke  Company  of 
Brookwood,  Ala.  Such  has  been  successfully  used  in  the 
coal  washers  for  bedding  by  that  company,  and  will  probably 
lead  to  the  establishment  of  a  new  industry  in  the  State,  i.e. 
prospecting  and  mining  feldspar. 

The  mica  bearing  belts  are  apparently  south-western  ex- 
tensions of  those  of  North  Carolina  and  Georgia.  Although 
their  continuity  can  not  be  traced  from  the  north-east  by  the 
surface  indications,  yet  we  find  from  the  geological  forma- 
tions, and  geographical  locations  that  this  theory  is  tenable 
and  warranted.     * 

The  most  northerly  location  of  any  mica  of  commercial 
value  occurs  on 

Sections  23  and  21,  T.  17,  R.  11  E.— While  the  sur- 
face indications  are  very  encouraging  on  these  properties, 
yet  but  little  work  has  been  done  in  developing  the  discov- 
eries, and  no  estimate  as  to  permanency  or  value  can  be 
made. 

To  the  south-east  from  these  sections,  and  near  the 
northern  boundary  line  of  Randolph  county,  occurs  what 
I  consider  the  mother  ledge,  so  far  as  Mica  and  Kaolin 
are  concerned. 

This  belt  attains  its  maximum  width  in  Randolph 
county,  in  the  vicinity  of  Pinetucky  Gold  Mines.  In  this 
vicinity  the  width  is  about  five  miles ;  but  to  the  north- 
east and  south-west,  while  the  continuity  of  the  granite 
veins  is  maintained  an  undetermined  distance,'  the  width 
of  the  belt,  so  far  as  at  present  known,  is  much  less. 

Surface  indications  of  mica  deposits,  of  commercial 
value,  occur  along  the  lines  of  strike  of  the  Pinetucky 
granite  veins  both  to  the  north-east  and  south-west,  at 
several  points.  Especially  so  is  this  the  case  in  Clay 
county.  But  in  no  other  portion  of  the  crystalline  region 
of  the  state  have  I  found  deposits,  where  the  prospects 
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for  obtaining* mica  of  a  commercial  value,  cover  such 
an  extensive  superficial  area  as  do  these. 

The  most  extensive  mining  operations  have  been  car- 
ried on  at  the  properties  of  Miller ,  Sec .  1;  Phillips ,  Sec .  1; 
and  Merrill,  Sec.  12,  T.18,  R.  10  E. 

From  all  of  these  properties  mica  has  been  mined  and 
shipped  for  use  in  stoves  and  furnaces .  Samples  have 
also  been  sent  to  the  leading  electrical  companies  for  test 
as  to  quality  for  their  use.  Such  have  been  pronounced 
by  experts  as  being  thoroughly  well  adapted  for  use  for 
electrical  purposes. 

Good  surface  indications  and  outcrop  occur  on  the 
Ayres  and  Linville  properties  in  Sec.  19,  T.  18,  R.  11  E.; 
also  on  the  Messer  land,  Sec.  18,  T.  18,  R.  11  E.;   White's, 

Sec.  6,  T.  18,  R.  11  E.;  Crews'  Sec.  SO,  T.  18,  R.  11  E.; 
Lander's  Sec.  22,  T.  18,  R.  10  E.;  and  on  several  other  tracts 
of  land  in  this  same  neighborhood,  owned  by  the  Birmingham 
Banking  and  Trust  Company  of  Birmingham.,  Ala.  These 
last  mentioned  tracts  form  a  portion, of  some  30,000  acres 
purchased  a  few  years  since  by  Dr.  Caldwell  and  asso- 
ciates, when  it  was  expected  that  a  railroad  would  be 
built  through   this  portion  of  Randolph  county. 

Shallow  prospecting  pits  have  been  sunk  at  several 
locations  on  all  these  tracts ;  but  the  only  deposit  which 
has  been  sunk  on  below  water  level  is  on  the  Merrill 
property,  adjoining  the  Pinetucky  Gold  Mining  property . 
There  water  came  in  and  interfered  with  the  sinking  of 
a  shaft  at  55  feet  below  the  surface.  Below  this  point 
the  size  of  the  mica  crystals,  and  grade  of  the  sheets 
after  the  crystals  were  split,  were  superior  in  a  marked 
degree  to  that  taken  from  nearer  the  surface. 

No  mining  calculated  to  show  the  extent  or  perma- 
nency of  the  veins  in  which  the  mica  is  found  has  been 
done  at  any  of  the  prospects.  The  only  object  apparently 
in  view  when  work  was  in  progress,  being  to  take  out 
all  the  mica  in  sight  without  any  regard  to  future  devel- 
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opment  of  the  properties.  Oonsequently#the  result  has 
been  such  as  renders  it  absolutely  impossible  to  estimate 
with  any  degree  of  reliability  the  extent,  permanency  or 
value  from  material  in  sight.  There  are  in  pll  probably 
30  veins  which  carry  mica  in  crystals  of  sufficient  size  to 
wanrant  being  prospected,  occurring  on  the  strip  of  which 
I  have  given  the  width  as  five  miles.  Many  have  not 
been  prospected  at  all,  and  all  of  which  have  been  pros- 
pected only  carry  mica  in  paying  quantities  in  spots. 
Actual  shipments  have  only  been  made  from  a  very  few 
mines,  and  such  only  in  limited  quantities. 

To  the  south-west  and  across  the  Tallapoosa  River  on 
this  belt  there  has  been  very  little  work  done  prospecting 
for  mica,  feldspar  or  kaolin.  The  surface  indications  at 
some  points  near  the  village  of  Delta  show  that  good 
mica  may  possibly  be  fouud  if  prospected  for. 

About  five  miles  north-west  of  Lineville  the  outcrop- 
pings  show  good  indications  of  the  occurrence  of  mica, 
but  samples  I  have  seen  from  the  vicinity  show  too  much 
iron  stain  to  render  the  mica  adaptable  for  electrical 
uses,  and  the  work  is  too  shallow  to  assist  in  determining 
its  quality  at  depth.  Some  little  work  has  also  been 
done  on  Lundy  Mountain,  near  Chandler's  Springs,  and 
fairly  good  mica  obtained. 

The  third  belt  occurs  on  the  extreme  south-eastern 
border  of  the  Mica-schist  gold  belt.  In  and  around 
Rockdale,  in  Randolph  county,  considerable  prospecting 
work  has  been  done,  but  the  work  has  been  abandoned 
some  years  .since,  and  I  can  obtain  very  little  informa- 
tion regarding  the  results.  The  properties  on  which 
this  work  was  done  form  a  portion  of  the  land  owned  by 
the  Birmingham  Banking  and  Trust  Company,  to  which 
I  have  before  referred. 

The  fourth  belt  of  mica  deposits  occurs  paralleling  the 
south-eastern  edge  of  the  Silver  Hill  Gold  Belt,  in  Tal- 
lapoosa county.    To  this  occurrence  of  mica  I  have  already 
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referred  in  my  report  on  the  Silver  Hill  belt.  It  is  im- 
possible to  obtain  reliable  statistics  as  to  the  quantity  of 
mica  which  has  been  mined  in  Alabama  up  to  the  present 
time ;  but  the  extent  of  the  work  done  at  the  mines  is  so 
limited  that  the  output  must  necessarily  be  also  limited . 
There  are  many  pre-historic  pits  of  considerable  depth 
and  extent  found  in  the  vicinity  of  some  of  the  mica  de- 
posits, where  trees  of  large  dimensions  have  grown  on 
the  old  dumps,  and  in  the  bottoms  of  the  pits.  But 
when  Buch  work  was  done,  or  whether  the  incentive  for 
the  work  was  mining  for  mica  or  feldspar,  cannot  be 
ascertained  to-day 
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A.     A   GENERAL    ACCOUNT   OF  THE   CHARAC- 
TER, DISTRIBUTION,   AND   STRUCTURE  OF 
THE   CRYSTALLINE   ROCKS    OP   ALA- 
BAMA, AND  OF  THE    MODE   OF 
OCCURRENCE  OF  THE 
GOLD  ORES. 

BY 

EUGENE  A.  SMITH. 

The  gold  region  of  Alabama  occupies  a  triangular  area 
in  the  eastern  part  of  the  state,  bounded  by  a  line  enter- 
ing the  state  from  Georgia  five  or  six  miles  south  of  the 
parallel  of  34  deg.,  running  thence  south-westward  to 
Jemison,  in  Chilton  county,  and  from  that  point  through 
Wetumpka  to  Columbus,  Ga.     In  this  area  are  included 

m 

parts  or  all  of  the  following  counties  :  Cleburne,  Clay, 
Talladega,  Coosa,  Chilton,  Elmore,  Tallapoosa,  Macon, 
Lee,  Chambers  and  Randolph,  aggregating  about  4,425 
square  miles  in  area.  It  is  the  termination  towards  the 
southwest  of  what  has  been  termed  by  Prof.  G.  F.  Becker, 
of  the  U.  S.  Geological  Survey,*  the  Georgia  belt  of  the 
Southern  Appalachian  Gold  Fields. 

The  Rocks. 

These  are  practically  all  metamorphic  rocks  which, 
considered  from  the  point  of  view  of  their  origin,  fall 
into  two  classes,  viz.,  those  derived  from  sedimentary  or 
f ragmental  rocks,  and  those  derived  from  igneous  rocks . 
Until  recently,  all  metamorphic  rocks  were  considered 
as  belonging  to  the  first  of  these  classes,  the  planes  of 
schistosity  passing  for  the  bedding  planes  of  the  original 

♦Reconnoissance  of  the  Gold  Fields  of  the  Southern  Appallachians, 
in  the  16th  Annual  Report  of  the  Director  of  the  U.  S.  G.  Survey. 
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sediments,  but  modern  petrqgraphers  have  shown  that 
through  the  agency  of  crust  movements  accompanying 
the  upheaval  of  mountains,  etc.,  the  massive  igneous 
rocks  may  be  crushed  and  sheared  in  such  a  manner  as 
to  produce  in  tnem  planes  of  easy  cleavage  or  schistosity , 
in  appearance  similar  to  the  bedding  planes  of  the 
altered  sedimentary  rocks.  By  the  same  agency,  planes 
of  cleavage  or  schistosity  may  be  developed  in  the  sedi- 
mentary rocks  also,  and  these  secondary  cleavage  planes 
may  or  may  not  coincide  with  the  original  bedding 
platies.  By  the  study  of  thin  sections  of  rocks  by  means 
of  the  microscope,  it  is  possible  in  many  cases  to  deter- 
mine whether  or  not  a  given  specimen  is  made  up  of 
water- worn  or  rounded  fragments,  i.  e.,  whether  or  not 
it  is  of  sedimentary  origin. 

In  other  cases  it  may  be  impossible  to  determine  even 
this  much  without  closely  examining  a  large  number  of  i 
hand  specimens,  or  better  still,  extended  observations  in 
the  field.  It  must  be  understood,  therefore,  that  the  as- 
signment here  given  of  our  metamorphic  rocks  to  one  or 
the  other  of  the  classes  named,  is  not  by  any  means  to 
be  considered  as  final,  since  they  have  as  yet  been  com- 
paratively little  investigated  in  the  light  of  modern 
methods. 

Similarly  as  regards  the  age  of  these  crystalline  rocks  y 
they  cannot  be  brought  into  a  single  class ,  for  the  Talla- 
dega slates,  being  sedimentary,  must  rest  upon  still 
older  rocks,  whose  debris  has  furnished  the  material  out 
of  which  they  have  been  built  up,  and  in  the  gneisses 
and  some  of  the  hornblendic  schists  we  probably  have 
the  representatives  of  this  older  class.  Again,  the 
diorites,  granites,  and  other  intrusive  rocks  which  fill 
the  fissures  in  this  older  set,  are  of  course  more  recent 
than  the  rocks  which  they  traverse.  The  Talladega 
slates,  in  their  turn,  in  places  apparently  enclose  masses 
of  intrusive  granite,  which  by  consequence  would  be 
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younger  than  they  are.  So,  taking  the  great  country- 
forming  series,  the  gneisses  and  the  Talladega  slates, 
we  have  the  representatives  of  at  least  two  distinct  eras, 
and  in  the  intrusive  rocks  possibly  a  third,  although 
part  of  these  may  be  contemporaneous  with  the  Talla- 
dega series. 

In  the  present  state  of  our  knowledge,  the  older 
gneisses  must  be  classed  with  the  Archaean,  while  the 
Talladega  slates  will  probably  be  assigned  to  what  the 
Geologists  of  the  U.  S.  Survey  have  named  the  Algonkian. 
One  can,  however,  hardly  avoid  the  suspicion  that  some 
of  these  semi-crvstalline  slates  are  no  older  than  the 
Cambrian,  although  as  }ret  the  fossils  have  not  been 
found  to  prove  it. 

The  bulk  of  the  eruptive  rocks  also  will  probably  have 
to  be  assigned  to  the  Algonkian. 

1.  ALTERED  SEDIMENTARY  ROCKS. 

Ocoee,  br  Talladega  Slates  and  Conglomerate. 

Distribution. — As  regards  their  surface  distribution, 
the  Ocoee  or  Talladega  rocks  are  found  in  four  or  five 
roughly  parallel  belts,  running  with  the  general  struc- 
ture of  the  country,  i.  e.,  north-east  and  south-west. 
The  main  belt  is  that  which  lies  furthest  to  the  north- 
west, and  borders  the  Cambrian  and  Silurian  strata  of 
the  Coosa  Valley.  This  belt  has  a  width  of  five  to  ten 
miles  according  to  locality,  and  it  appears  as  a  range  of 
mountains  with  some  of  the  highest  elevations  in  the 
state.  The  names  Blue  Mountain,  Talladega  Mountain, 
Rebecca  Mountain,  etc. ,  are  applied  to  this  range  in  dif- 
ferent parts  of  its  course,  Talladega  Mountain  being  the 
most  generally  applicable  name.  This  range  entends 
through  Cleburne,  Talladega,  Clay  and  Coosa,  into  Chil- 
ton county  where  it  passes  gradually  below  the  sands 
and  clays  of  the  Tuscaloosa  formation  of  the  Cretaceous. 
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The  other  areas  of  Talladega  slates  are  found  as  narrow 
strips  in  the  midst  of  the  gneisses,  much  as  though  they 
had  been  accumulated  in  troughs  of  these  rocks,  yet 
other,  and  possibly  more  probable,  explanations  of  their 
present  attitude  may  be  given.  Two  of  these  interior 
belts,  as  they  may  be  termed,  are  wider  and  more  per- 
sistent than  the  others,  and  of  these,  the  one  lying  near- 
est to  the  main  mountain  belt,  i.  e.,  furthest  northwest, 
is  the  more  important.  This  belt  extends  through  Coosa, 
Tallapoosa,  Randolph  and  the  lower  part  of  Clay.  It 
widens  and  ramifies  towards  the  northeast  in  Randolph 
county,  and  it  may  be  called  the  Goldville  belt,  since  it 
includes  Goldville,  Hog  Mountain  and  other  localities 
formerly  much  worked  for  gold. 

The  next  belt  mav  be  followed  from  near  Eclectic,  in 
Elmore  county,  north-eastward  through  Tallapoosa  into 
Randolph,  and  through  it  to  the  Georgia  line;  but  in 
the  eastern  part  of  Randolph  its  limits  are  not  so  clearly 
defined  as  they  are  ip.  the  rest  of  its  course.  In  this 
belt  occurs  the  Silver  Hill  gold  mining  region  which 
was  formerly  much  worked,  and  we  name  it  accordingly. 

There  are  in  addition  to  these,  two  minor  belts  of  al- 
tered sedimentary  rocks,  viz.,  one  in  Coosa  county  run- 
ning north-eastward  nearly  through  Rockford  and  merg- 
ing into  the  main  mountain  belt  beyond  Goodwater; 
and  one  in  Lee  county,  extending  from  Farrall's  Mill 
by  Wright's  Mill  to  Chewacla  and  Springvilla  lime 
works,  beyond  which  it  has  not  as  yet  been  certainly 
identified.  This  will  be  mentioned  again  in  connection 
with  its  most  characteristic  rocks,  the  crystalline  dolo- 
mite. 

Backs  of  the  Tallaiega  Series. — The  most  abundant  of 
the  rocks  of  this  series  is  a  smooth,  nacreous,  clay  slate, 
or  argillitej  of  Jbrownish  gray,  to  greenish  colors,  feebly 
crystalline,  and  in  places  very  closely  resembling  some 
of  the  variegated  shales  of  the  Montevallo  series  of  the 
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Cambrian  formation,  and  there  are  localities  near  the 
contact  of  the  Cambrian  with  the  Talladega,  where  the 
Cambrian  shales,  being  slightly  altered,  are  almost  iden- 
tical in  appearance  with  some  of  the  Talladega  slates. 
Such  partly  altered  shales  of  undoubted  Cambrian  age 
may  be  seen  along  the  line  of  the  L.  &  N.  R.  R.  below 
South  Calera,  and  in  the  vicinity  of  Clear  Creek  and 
Jemison ;  in  the  Kahatchee  Hills  in  Talladega  county ; 
and  further  north-east  in  Calhoun  county  near  Davis- 
ville ;  and  in  Cleburne  in  many  places  near  the  line  of 
contact.  In  the  north-western  belt  of  the  Talladega, 
slates  there  is  another  series  of  more  highly  siliceous 
rocks,  viz.,  quartzites  and  quartzitic  conglomerates,  consti- 
tuting a  very  considerable  part  of  the  mountain  ranges, 
interstratified  with  the  greenish  and  grayish  slates,  and 
well  exposed  where  Talladega  Creek  makes  its  way 
through  the  Talladega  mountain ,  as  well  as  in  all  the 
gaps  and  along  the  summits  of  these  mountains.  These 
strata,  like  the  others,  have  generally  a  decided  dip  to 
the  south-east,  but  along  the  summits  they  appear  to  be 
nearly  horizontal,  making  occasionally  broad  flats  which 
support  a  fine  growth  of  grasses,  and  are  admirable 
grazing  places  for  sheep .  One  instance  of  this  flat  sum- 
mit is  in  the  mountain  which  ends  to  the  south-east  in 
the  Pulpit  Rock,  on  the  border  of  Clay  and  Calhoun. 

The  quartzites  and  conglomerates  like  the  slates  above 
mentioned,  resemble  very  strongly  some  of  the  strata  of 
undoubted  Cambrian  age,  and  it  is  impossible  to  resist 
the  conclusion  that  some  of  the  strata  which  we  have 
included  among  the  Talladega  slates  are  nothing  more 
than  altered  Cambrian  shales,  sandstones,  and  conglom- 
erates. As  yet,  however,  it  has  not  been  possible  to  dis- 
cover any  fossils  in  these  altered  rocks. 

In  the  Kahatchee  Hills ,  and  the  other  localities  above 
named,  the  sandstones  and  conglomerates  of  the  Weisner 
horizon  are  in  appearance  almost  identical  with  some  of 
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the  conglomerates  and  quartzites  of  the  Talladega  series. 

In  the  other  areas  of  Talladega  slates  lying  further  tp 
the  south-east,  the  strata  are  sometimes  more  decidedly 
altered  than  in  the  first  belt,  and  &re  often  much  more 
decayed,  holding  •  numerous  crystals  of  garnet  and 
tourmaline. 

In  the  Turkey  Heaven  Mountain  region  in  Cleburne,  we 
find  a  very  well  defined  variety  of  these  semi-crystalline  . 
schists  consisting  in  the  main  of  quartz  but  containing 
a  large  percentage  of  graphite  and  magnetite.  These 
schists  are  of  a  dark  slate  blue  color,  with  glistening 
surface,  sometimes  smooth  and  rubbing  off  on  the  fin- 
gers, sometimes  hard  and  sandy.  Through  the  dark 
blue  black  mass  of  the  slates  pass  thin  sheets  of  white 
quartz,  giving  the  appearance  of  some  of  the  banded 
diorites.* 

Slates  of  this  formation  impregnated  with  graphite  are 
common  in  many  localities.  Thus  between  Millerville 
and  Elias,  in  Clay  county,  the  soft  slates  are  so  highly 
impregnated  with  graphite  as  permit  them  to  be  used, 
in  one  locality  near  Millerville,  for  lubricating  purposes. 
This#belt  is  continued  on  towards  Good  water,  where  it 
is  seen  at  several  points  in  the  railroad  cuts.  To  the 
south-westward  the  same  belt  may  be  followed  entirely 
through  Coosa  county,  and  another  similar  belt  parallel 
with  this  passes  through  part  of  Coosa  a  short  distance 
north  of  Rockford. 

In  the  Silver  Hill  region  graphitic  slates  appear  in 
great  force,  suggesting  by  their  color  the  name  of  one  of 
the  gold  mines,  Blue  Hill.  The  graphite  here  opposes  a 
very  serious  obstacle  to  the  profitable  working  of  the 
gold. 

Another  well  defined  variety  in  the  rocks  of  this  form- 


*Mr.  Brooks  has  described  one  of  the  rocks  of  this  kind,  No.  2  of 
his  article. 

8 


V 

I 


114  GEOLOGICAL  SURVEY  OF  ALABAMA. 

at  ion  is  formed  by  the  highly  fissile  blue  black  slates  re- 
sembling roofing  slates,  which  are  generally  met  with 
along  the  eastern  flank  of  the  Talladega  mountain  range, 
a  well  known  occurrence  being  near  Chandlers  springs. 

Limestones,  or  rather  dolomites,  have  been  observed  in 
two  positions  only  in  these  areas,  viz  :  (1.)  On  the  south- 
eastern flank  of  the  main  slate  belt  of  the  Talladega 
Mountain  at  two  localities,  viz.,  (a)  near  Elder  P.  O.  in 
the  northern  part  of  Clay  county,  where  it  is  associated 
with  the  smooth  greenish  and  gray  slates  above  men- 
tioned, and  (b)  in  Chilton  county  in  the  river  bluff  not 
far  from  the  mouth  of  Yellow  Leaf  creek.  In  these  lo- 
calities the  dolomite  is  not  much  altered,  but  in  the  other 
belt  (2),  in  Lee  county,  the  dolomite  is  in  part  fully 
crystalline,  white,  and  like  the  finest  statuary  marble, 
in  part  however,  bluish  and  gray  and  less  crystalline. 
These  dolomites  are  closely  associated  with  quartzites. 

Near  Wright's  Mill,  four  miles  from  Auburn  in  Lee 
county,  is  the  southernmost  outcrop  of  these  dolomites, 
formerly  extensively  worked  for  lime  burning  at  the  old 
Echols  and  Reese  quarries.  The  dolomites  occupy  a 
narrow  valley  about  a  quarter  of  a  mile  broad,  with  a 
ridge  of  slaty  quartzites  to  the  northwest,  and  with  augen- 
gneiss  both  to  north-west  and  south-east. 

At  this  place  the  rock  is  gray  to  blue  in  color,  varying 
in  composition  from  an  almost  pure  dolomite  to  a  rock 
containing  a  good  deal  of  siliceous  and  micaceous  mat- 
ters. Some  mile3  to  the  north-east  of  Wright's  Mill  is 
the  Lime  Kiln  of  the  Chewacla  Lime  Company,  where 
the  dolomite  is  taken  from  a  large  open  pit  or  quarry. 
Here  there  is  a  very  large  proportion  of  the  white  fully 
crystalline  rock,  along  with  some  that  shows  bluish  and 
grayish  colors,  and  is  very  slightly  crystalline.  The 
quarry  is  in  an  open  field  in  which  there  are  few,  if  any, 
outcrops  of  the  country  rock,  and  so  it  is  impossible  to 
give  much  information  concerning  the  associations,  al- 
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though,  judging  by  what  may  be  seen  further  towards 
the  north-east  at  Springvilla  and  the  new  quarries,  the 
same  associations  prevail  as  at  Wright's  Mill,  viz., 
itacolumites  or  slaty  quartzites  immediately  adjacent  to 
the  dolomite,  and  augen-gneiss  both  to  the  north-west 
and  to  the  south-west  of  the  lime  belt.  Some  details 
concerning  the  augen-gneiss  will  be  found  below  in  con- 
nection with  what  is  said  about  the  next  series  of  rocks 
of  this  area. 

Structure  and  attitude  of  the  Talladega  slates. — As  a  rule 
these  beds  have  a  dip  to  the  south-east,  the  exceptions 
to  this  being  very  few. 

In  some  parts  of  the  Talladega  Mountain  range  we 
find  at  the  summit  of  the  -highest  ridges,  broad  areas  of 
nearly  horizontal  betfs  of  quartzite  and  conglomerate, 
and  in  general  the  strata  of  these  summits  are  much  less 
inclined  from  the  horizontal  than  they  are  on  either 
Aahk,  and  it  becomes  thus  at  times  impossible  to  resist 
the  conclusion  that  some  of  these  ridges  are  anticlinal 
arches  overturned  towards  the  north-west,  the  flat  rocks 
at  the  tops  being  the  crowns  of  the  arches.  In  the  ridge 
of  which  the  Pulpit  Rock  is  a  part,  this  structure  is  per- 
haps better  shown  than  elsewhere.  In  the  interior  belts 
the  dip  is  almost  invariably  to  the  south-east.  Prof. 
Tuomey  speaks  of  the  dolomite  at  the  Chewacla  quarry 
being  nearly  horizontal  in  bedding,  but  I  have  been  un- 
able to  convince  myself  of  this,  as  the  rock  is  traversed 
by  several  joint  planes  making  it  very  difficult  to  iden- 
tify the  true  bedding  plane .  And  wherever  the  quartzites 
with  which  the  dolomite  is  associated  are  clearly  exposed 
as  at  Wright's  Mill,  and  the  New  Quarry  near  Spring- 
villa,  they  are  seen  to  stand  nearly  vertical,  and  it  is 
probable  that  the  dolomites  also  partake  of  this  attitude. 

2.      ALTERED  ROCKS    OP  IGNEOUS   AND  UNDETERMINED 

ORIGIN . 

These,  in  the  order  of  their  relative  abundance,  include 
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the  gneisses  and  the  mica  schists,  to  which  are  subordi- 
nated the  granites,  diorites  and  various  hornblendic, 
pyroxenic  and  chrystolitic  rocks  occurring  as  dikes,  to- 
gether with  the  alteration  products  of  the  same,  soap- 
stone,  talco,  serpentine,  etc. 

These  rocks  represent  more  than  one  geological  period, 
for  those  which  occur  as  intrusions  in  the  others, 
must  necessarily  be  younger  than  the  rocks  which  they 
traverse.  We  are  not,  however,  yet  in  position  to  make 
definite  classification  as  to  age  of  these  fully  crystalline 
rocks,  except  in  a  few  cases ;  we  shall  therefore  limit 
ourselves  to  general  statements  concerning  them. 

1.  The  Gneisses. — These  in  structure  vary  from  nearly 
massive  granitoid  rocks  to  fine  grained  mica  schists.  In 
most  cases  wrhich  have  come  under  my  observation,  the 
granite  "flat  rocks' '  show  traces  of  cleavage  planes 
nearly  perpendicular.  Along  the  borders  of  these  granite- 
like masses,  the-  schistosity  increases  and  the  granite 
grades  into  gneiss.  The  grading  of  gneiss  into  mica 
schist  is  generally  effected  tas  shown  below  through  a 
series  of  alternations  of  the  two  rocks,  each  maintaining 
its  own  character.  The  cleavage  planes  of  the  gneisises 
and  other  schists  coincide  generally  with  the  structure 
of  the  Appalachian  region  in  this  state,  the  strike  being 
in  general  about  north-east  and  south-west,  with  slight 
variations.  The  dip  also  is  in  the  majority  of  cases  to 
the  south-east ;  but  there  are  exceptions,  as  will  be  seen 
below.  Thus  north-west  of  the  Silver  Hill  slate  belt, 
as  above  described,  the  dip  of  the  strata  is  almost  inva- 
riably to  the  south-east,  while  to  the  south-eastward  of 
this  belt  the  variations  are  more  numerous.  A  synclinal 
axis  may  be  followed  easily  and  almost  continuously  from 
the  vicinity  of  Tallassee,  in  Elmore  county,  past  Walnut 
Hill  in  Tallapoosa  county,  crossing  the  railroad  between 
Dadeville  and  Camp  Hill  jthence  north-eastward, leaving 
Dudley ville  to  the  west;  past  Thurman,   crossing  the 
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railroad  a  little  south  of  Welch  station,  and  then  on  to- 
wards the  Georgia  line.  An  anticline  may  be  traced  ap- 
proximately parallel  with  the  line  of  the  Western  Rail- 
road from  Parrairs  Mill,  in  S.  30,  T.  18,  R.  25,  E.,  past 
Wright's  Mill,  Chewacla  Lime  Works,  Springvalla  and 
thence  through  S.  7,  T.  20,  R.  28,  E.,  to  the  river  near 
the  upper  factory  below  West  Point.  Hornblendic  rocks 
prevail  to  the  north-west  and  mica  schists  to  the  south- 
east of  this  anticlinal,  and  at  many  points  the  gradual 
passage  from  hornblendic  gneisses  to  mica  schists  may 
be  perceived.  This  gradation  is  usually  effected  by 
alternations  of  the  hornblendic  rocks  with  the  mica 
schists  in  a  narrow  belt  between  the  two  well  defined 
types,  and  may  be  observed  in  sections  6  and  7  of  T.  20, 
R.  28  east,  and  also  near  the  upper  factory  above  men- 
tioned. Along  the  river  road  between  West  Point  and 
Columbus,  another  synclinal  may  be  observed,  a  little 
south  of  Osanippa  (Berlin) ,  and  an  anticlinal  between 
Mechanicsvilie  and  Wacoochee,  or  rather  at  the  latter 
place.  These  have  not  been  accurately  located  further 
to  the  west  for  the  reason  that  the  superficial  sands,  peb- 
bles and  other  materials  of  the  Lafayette  formation  cover 
all  the  country  in  that  direction,  practically  limiting  ob- 
tervations  of  the  underlying  crystalline  rocks  to  the 
drainage  valleys,  and  to  a  very  small  part  of  them. 

While  the  gneisses  vary  in  structure  from  the  granite- 
like masses  to  the  highly  fissile  mica  schists,  they  vary 
on  the^other  hand  in  composition  by  the  accession  of 
hornblende,  through  hornblendic  gneisses,  often  with 
difficulty  to  be  distinguished  from  diorites,  to  hornblende 
schists.  It  is  certain  that  variations  also  occur  in  the 
prevalence  in  different  areas,  of  different  kinds  of  mica 
and  different  kinds  of  feldspar,  but  we  have  had  as  yet 
too  little  of  accurate  study  of  these  rocks  to  put  us  in 
position  to  speak  very  definitely  on  these  points,  except 
where  we  have  had  thejnicroscopic  examinations  made, 
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which  are  given  in  detail  in  another  part  of  this  report. 
Within  the  area  of  the  hornblendic  gneisses  occur  in 
places  massive  diorites,  resembling  granite  in  structure, 
and  like  them  of  intrusive  origin.  Under  the  next  head 
are  given  some  details  of  the  occurrences  of  these  diorites. 

In  surface  distribution,  the  gneisses,  including  the 
hornblendic  gneisses  with  which  they  so  often  alternate, 
occupy  (1)  a  belt  lying  to  the  north-west  of  the  Goldville 
belt  of  Talladega  slates.  This  we  may  call  the  Alexander 
City  gneiss  belt,  which  is  practically  continuous  from 
the  Coosa  River  nearly  to  the  Georgia  line.  It  holds 
many  areas  of  "flat  rocks"  or  granites  in  Coosa  county, 
but  in  Clay  and  Randolph  counties  these  granites  are 
generally  in  the  form  of  isolated  masses  in  the  Talla- 
dega slates,  usually,  however,  close  to  the  borders  of  the 
gneisses.*  Towards  the  north-west  the  gneiss  of  this 
belt  passes  into  a  mica  schist  which  very  often  continues 
up  to  the  great  mountain-forming  belt  of  the  Talladega 
slates,  though  this  is  not  invariably  the  case,  as  for  in- 
stance near  Arbacoochee,  in  Cleburne  county,  where  the 
gneiss  lies  next  to  the  Talladega  slates,  or  with  only  a 
narrow  belt  of  the  Hillabee  or  Millerville  green  schists 
between.  This  gneiss  belt  does  not  appear  to  reach  to 
the  Georgia  line  ;  or  if  it  does,  it  is  in  much  diminished 
volume,  for  beyond  Arbacoochee,  Hightower,  etc.,  in 
Cleburne  county,  the  Talladega  slates  are  seen  in  direct 
north-eastward  continuation  of  the  gneisses. 

In  this  first  or  Alexander  City  gneiss  belt,  there  are 
many  occurrences  of  coarse  pegmatitic  granite  in  dikes 
or  veins.  These  veins  are  the  sources  of  mica  and  of 
kaolin,  and  are  most  numerous  and  promising  perhaps 
in  the  vicinity  of.  Micaville,  Pinetucky  and  Milner,  in 
Randolph  county  ;  but  at  many  points  in  Cleburne,  Clay, 
Coosa  and  Chilton,  along  this  belt,  the  mica  has  been 


♦Some  of  these  "granites"  are  merely  massive  forms  of  the  gneiss, 
but  in  other  cases  they  occur  as  "dikes." 
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found  in  sheets  of  merchantable  size,  but  in  few,  if  any, 
of  the  localities  of  its  occurrence  has  it  been  opened  up 
to  sufficient  depth  to  be  beyond  the  influence  of  the 
weather.  Mr.  Brewer  has  given  localities  and  some  de- 
tails, concerning  these  occurrences,  and  other  details  will 
be  found  in  my  report  for  1874.  In  Randolph  and  also 
in  Clay  and  Chilton,  there  are  old  pits  where  this  mica 
has  been  worked  in  ancient  times,  for  in  these  pits  are 
now  growing  pine  trees  a  foot  or  more  in  diameter. 
Near  Hissop,  in  Coosa  county,  and  at  several  points  to- 
wards the  south-west  as  far  as  Speed,  this  pegmatite  car- 
ries  beryls  of  quality  suitable  for  cutting. 

(#)The  second  gneiss-mica  bchist  belt  separates  the  Gold- 
ville  and  Silver  Hill  slate  belts.  In  Coosa  and  Talla- 
poosa counties  this  belt  is  tolerably  uniform  in  quality 
and  width,  but  in  Randolph  it  seems  to  divide,  with 
Talladega  slates  between  the  division,  and  to  break  up 
into  somewhat  isolated  areas  in  the  midst  of  the  Talla- 
dega slates.  Three  of  these  detached  areas  may  be 
named,  each  containing  some  granite,  i.  e.,  one  about 
Gay  P.  O.,  another  just  south  and  south-west  of  We- 
dowee,  and  a  third  a  little  to  the  north  and  north-east  of 
Wedowee,  the  three  areas  somewhat   en  echelon. 

(^)The  third  gneiss  belt  includes,  with  the  exception  of 
the  dolomite  belt,  Chewacla-Springvilla,  above  defined, 
the  rest  of  our  crystalline  region  towards  the  south-east. 
In  this  third  belt  there  are  the  ordinary  gneisses  and 
granites,  especially  near  the  north-west  border  of  the 
belt,but  hornblendic  gneisses  and  diorites  prevail  and  give 
character  to  the  topography,  soils,  etc.  In  this  last  sec- 
tion, so  far  as  I  am  aware,  there  are  no  occurrences  of 
gold,  at  least  in  notable  quantity. 

To  the  south-west  of  the  Montgomery- West  Point 
Railroad,  much  of  the  gneiss  assumes  the  character  of 
augen-gneiss ,  in  which  certain  of  the  constituents,  gen- 
erally quartz  or  feldspar,  appear  in  "augen"  or  "eyes/ 
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L  e . ,  somewhat  elliptibal  shaped  masses  from  one  inch  in 
diameter  down.  Several  descriptions  are  given  of  this 
rock,  as  well  as  of  the  more  common  varieties,  in  the 
notes  of  Dr.  Clements  and  Mr.  Brooks  below. 

(2.)  The  Diorites. — After  the  gneisses  and  associated 
rocks,  probably  the  most  widely  distributed  of  the  rocks 
of  this  region  are  the  diorites,  which,  as  above-stated, 
are  often  very  difficult  to  distinguish  from  some  of  the 
hornblendic  gneisses.  The  diorites  occur  as  intrusive 
nlasses,  eften  occupying  long  narrow  strips  in  the  direc- 
tion of  the  sfrike,  but  sometimes  as  rather  isolated  masses 
of  limited  extent  in  the  midst  of  the  gneisses. 

A  belt  of  diorite  (with  hornblende  schist  in  places) 
may  be  traced  practically  without  interruption  from  near 
Verbena  in  Chilton  county,  through  Coosa  county  past 
Hanover,  Mount  Olive  and  Pine  Grove  into  Clay. 

Somewhat  in  continuation  of  this  line,  but  occurring 
more  in  detached  masses  we  find  this  rock  again  in  the 
lower  part  of  Clay,  while  from  about  Chandler's  Springs 
through  Fishhead  Valley,  past  Riddle's  Bridge  and 
thence  north-eastward  towards  Wood's  Copper  Mine  in 
Cleburne,  there  is  another  rather  continuous  outcrop 
like  that  of  Coosa  county. 

To  the  south-eastward  of  the  Silver  Hill  slate  belt, 
hornblendic  rocks  are  more  generally  present  than  in  any 
other  part  of  this  section.  Many  of  these  are  diorites, 
but  the  accurate  mapping  of  these  has  not  yet  been  at- 
tempted. -The  notes  of  Dr.  Clements  and  Mr.  Brooks 
describe  a  number  of  typical  diorites  from  this  area. 

(o.)  The  Ilillabee,  Iwana,  or  Millervitte  Green  Schists. — 
Along  the  south-eastern  border  of  the  main  mountain 
belt  of  Talladega  slates,  there  is  an  almost  continuous 
outcrop  of  a  green  schists  which  microscopic  examina- 
tion discovers  to  be  probably  an  altered  eruptive  rock. 
In   the   report   of. Mr.    Brewer,  which  precedes,   this  is 
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spoken  of  as  the  Millerville,  Iwana,  or  Hillabee  schist, 
using  the  names  of  localities  where  it  shows  in  typical, 
form.  It  may  be  followed  practically  without 'interrup- 
tion, but  with  somewhat  varying  width  of  outcrop,  from 
Chilton  county  through  Coosa,  wher6  it  underlies  a  tol- 
erably wide  expanse  of  country  about  Stewartsville  and 
Iwana  ;  thence,  through  Clay,  about  Hollins,  Pine  Grove, 
Mountain  Meadow,  Brownsville,  Millerville  or  Hillabee, 
Coleta,  Chandler's  Springs,  Fishhead  Valley;  and  on 
through  Cleburne,  by  Chulafinnee,  Arbacoocheej  Anna 
Howe,  etc.  Beyond  Chulafinnee  the  outcrop  narrows 
down  to  a  small  strip.  It  is  widest  in  Clay  and  Coosa 
where  it  underlies  a  sort  of  Flatwoods,  as  is  the  case 
near  Chandler's  Springs,  Coleta,  and  Hollins,  in  Clay, 
and  between  Iwana  nnd  Stewartsville,  in  Coosa.  In 
fresh  condition  these  rocks  are  of  light  green  color  and 
are  rather  massive  in  structure,  and  very  tough,  but  on 
weathering  they  turn  into  greenish  yellow  slates  much 
stained  with  iron,  and  then  bear  a  striking  resemblance 
to  some  of  the  Talladega  slates  with  which  they  are  in 
immediate  contact.  The  soil  derived  from  the  weather- 
ing of  these  schists  is  a  yellowish  or  reddish  clay  with  a 
notable  proportion  of  lime,  indicated  by  tfie  character  of 
the  growth  which  contains  a  considerable  admixture  of 
haw,  crab  apple  and  similar  lime-loving  plants.  The 
manner  in  which  the  soil  compacts  under  the  wheels  of 
vehicles,  is  also  suggestive  of  lime.  When  partially  de- 
cayed, these  slates  as  above  stated,  hare  a  strong  resem- 
blance to  sedimentary  rocks,  and  especially  to  some  of 
the  feebly  crystalline  slates  of  the  Talladega  series. 
This  resemblance  is  particularly  strong  in  the  case  of 
some  of  the  more  siliceous  varieties  which  imitate  very 
closely  some  of  the  conglomerates  and  siliceous  slates  of 
the  Talladega.  In  some  of  their  outcrops  they  resemble 
impure  slaty  limestone,  a<3  is  the  case  just  below  Coleta, 
in  Clay  county.     In  other  places  of  their  occurrence  they 
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break  up  into  long,  slender  and  somewhat  cylindrical 
fragments,  exceedingly  tough  and  resistant  to  weather- 
ing. .  The  immediate  vicinity  of  Chandler's  Springs  fur- 
nishes an  illustration  of  this  phase.  The  highly  schis- 
tose and  slaty  varieties  may  be  seen  about  Hillabee  or 
Millerville,  in  Clay  county,  and  particularly  at  Monroe's 
Mill  close  by.  The  varieties  resembling  siliceous  con- 
glomerate abound  along  the  road  leading  from  Miller- 
ville towards  Hatchet  Creek  postoffice,  and  especially 
along  the  flanks  of  McGhee  Mountain.  In  many  places, 
and  particularly  where  these  rocks  make  a  moderately 
wide  belt  of  country,  they  form  "Flatwoods,"  with  de- 
cidedly calcareous  soil,  supporting  a  growth  of  short  leaf 
pine  and  black  jack  oaks,  with  many  haws,  persimmons, 
poplars,  crab  apples  and  sweet  gums  interspersed.  Such 
Flatwoods  may  be  seen  about  Chandler's  Springs  and 
between  the  Springs  and  Coleta,  also  for  a  long  distance 
along  the  road  from  Millerville  westward  towards 
Hatchet  Creek,  by  Pine  Grove  and  Hollins,  and  in  great 
force  near  Iwana  postoffice  and  on  to  Stewart-sville. 
Below  Stewartsville  these  flatwoods  are  succeeded  by 
flat,  long-leaf  pine  lands  bearing  some  of  the  finest  tim- 
ber to  be  seen  in  middle  Alabama.  The  siliceous  rocks 
of  the  Talladega  slate  formation  underlie  a  great  part  if 
not  all  of  these  pine  lands. 

In  places  the  Hillabee  schists  hold  a  large  percentage 
of  pyrite  in  crystals  disseminated  through  a  siliceous 
rock.  When  the  proportion  of  pyrite  crystals  is  large  it 
seems  probable  that  the  mineral  might  be  concentrated 
without  too  much  expense,  so  as  to  make  it  profitable  to 
mine.  In  most  of  the  cases  which  I  have  observed,  the 
rock  has  a  large  percentage  of  quartz  grains  along  with 
the  pyrite.  Attempts  have  been  made  at  several  points 
to  mine  this  pyrite,  especially  in  the  vicinity  of  Hatchet 
Creek  P.  0.  in  Clay  county,  where  it  is  relatively  abun- 
dant.    A  large  quantity  of  it  was  thrown  out  of  the  old 
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McGhee  copper  mine  many  years  ago.  At  C.  C.  Duke's 
in  §.  17,  T,  23,  R.  17  in  Coosa  county,  some  work  has 
been  done  towards  exposing  the  vein  or  seam  which 
bears  the  pyrite. 

Also  in  section  24,  T.  19,  R.  7  E.,  in  Clay  county,  and 
at  the  old  Montgomery  Copper  Mine  close  by,  there  is  a 
very  good  show  of  pyrite.  In  S.  24  the  seam  is  four  to 
five  feet  in  thickness,  while  at  the  Copper  Mine  it  may 
be  greater,  for  about  the  mouth  of  the  old  shaft  there 
are  masses  of  the  pyrite  of  considerable  size.  It  was 
impossible  for  me  to  see  there  any  exposure  of  the  vein 
or  seam  because  of  the  falling  in  of  the  old  works.  In 
these  cases,  as  in  the  lower  part  of  Clay  and  in  Coosa, 
the  pyrites  is  mixed  with  quartz  grains. 

Microscopic  examination  of  thin  sections  of  these  rocks 
shows  that  they  are  composed  of  actinolite,  epidote, 
chlorite  and  zoisite  in  the  main,  with  some  quartz,  and 
they  have  been  named  by  Dr.  Clements  and  Mr.  Brooks 
Chlorite-epidote  schists,  Actinolite-epidote  schists,  Chlo- 
rite schists,  etc.,  according  to  the  prevailing  ingredient.* 
In  general,  the  alteration  has  gone  on  to  such  a  degree 
that  the  determination  of  the  original  rock  from  which 
they  have  been  derived  is  difficult,  but  all  agree  in  think- 
ing that  they  are  result  of  alteration  of  some  basic  erup- 
tive rock.  For  the  present,  therefore,  we  have  grouped 
them  together  under  the  name  Hillabee,  from  the  locality 
where  they  are  exposed  in  typical  fashion.  Some  of  the 
gold  occurrences  in  the  north-western  belt  seem  to  be 
closely  connected  with  these  rocks,  as  at  Chulafinnee, 
Anna  Howe,  etc.  * 

(4.)  Other  Basic  Rocks. — At  many  points  within  the 
gneiss  belt  occur  dikes  and  isolated  masses  of  pyroxenic, 
chrysolitic  and  other  basic  rocks.  These  are  mostly  so 
much  altered  at  the  surface  as  to  make  it  often  very  dif- 

*8ee  Nos.  38,  39,  40,  4    of  Dr.  Clements,  and  Nos.  4,  5,  6  and  prob" 
ably  9  of  Mr.  Brooks. 
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ficult  to  determine  what  was  the  original  rock,  for  at  the 
outcrop  they  appear  in  the  form* of  chlorite,  steatite,  ser- 
pentine, etc.  These  occurrences  have  not  been  mapped 
as  yet,  and  I  shall  call  attention  only  to  some  of  the  best 
known.  The  notes  of  Dr.  Clements  and  Mr.  Brooks  give 
many  interesting  details  concerning  them.  In  the 
great  gneiss  belt  lying  furthest  to  the  north-west  occur- 
rences of  these  rocks  are  to  be  seen  at  several  points ;  to 
the  north  of  Goodwater;  in  a  number  of  places  near 
Flatrock  post  office,  and  in  Fishhead  Valley  in  Clay. 
In  the  next  gneiss  belt,  these  rocks  occur  at  several 
places  near  the  north-western  border  of  the  gneiss,  e.  g., 
at  Robert  Goodman's  in  S.  36,  T.  22,  R.  2,  at  Fosheeton 
and  one  or  two  points  further  north-east  in  the  same  line. 
Then  along  the  north-western  border  of  the  Dadeville 
gneiss  belt  near  its  contact  with  the  Silver  Hill  gold  belt, 
e.  g.,  in  R.  R.  cut  just  below  Dadeville  ;  on  Sandy  Creek 
south  of  Dadeville ;  seven  miles  north  of  Dadeville,  and 
thence  in  a  north-easterly  direction  by  Easton  P.  0.  near 
Dudleyville ;  on  towards  Bosworth,  near  Slay's  Mill  in 
Chambers  county.  This  seems  to  be  a  rather  connected 
line  of  these  rocks.  At  two  places  there  is  associated 
with  these  rocks  along  with  steatite,  chlorite,  asbestos, 
etc.,  a  notable  quantity  of  corundum,  occurring  in  de- 
tached masses.  These  two  localities  are  Robert  Good- 
man's, below  Alexander  City,  and  the  vicinity  of  Dud- 
leyville. 

Near  the  Tallapoosa  river,  a  few  miles  above  Tallassee, 
there  is  a  considerable  mags  of  steatite  which  has  been 
used  by  the  Indian  in  the  manufacture  of  pots  and  ves- 
sels of  different  sorts,  tlje  remains  or  fragments  of  which 
are  abundant  in  the  vicinity.  Another  similar  locality 
is  in  section  35  or  26  of  T.  20,  R.  23,  which  may  indeed 
be  only  another  appearance  of  the  same  mass  of  rock. 
Here  are  also  many  fragments  of  the  vessels  formed  from 
the  soapstone.     Of  other  soapstone  localities  I  may  men- 
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tion  the  vicinity  of  Oak  Bowery,  and  S.  8,  T.  21,  R.  28 
in  Chambers.  In  a  number,  of  places,  in  Chambers 
county  particularly,  there  is  a  variety  of  actinolite  rock, 
often  containing  a  good  deal  of  steatite,  and  this  is  very 
generally  known  as  soapstone.  It  has*  been  quarried  at 
a  number  of  points  and  used  for  slabs  over  graves,  for 
lining  the  Chewacla  lime  kilns,  etc.  One  such  locality 
is  near  Oak  Bowery,  on  the  place  of  Mr.  W.  P.  Sprad- 
ling,  S.  34,  T.  21,  R.  26.  Another  is  west  of  Milltown, 
formerly  worked  by  Mr.  Jackson, another  at  Five  Points, 
worked  now  bv  Mr.  Jackson's  son. 

In  the  upper  north-western  part  of  the  Crystalline 
Schists  the  occurrences  of  dikes  of  the  basic  rocks  are 
not  so  numerous,  though  not  wanting,  as  has  been  shown 
above.  Soapstone  has  been  observed  near  Idaho  Post- 
office,  and  at  the  Old  Wood's  Copper  Mine  in  Cleburne; 
and  at  some  other  localities,  and  chlorite  schists  may  be 
seen  near  Copper  Mine  P.  O.  in  Clay,  and  in  Fishhead 
Valley.  The  Hillabee  Schists  are  generally  considered 
as  having  been  derived  from  some  form  or  forms  of  basic 
igneous  rock,  not  now  determinable  because  of  the  alter- 
ations which  they  have  undergone. 

• 

Mode  of  Occurrence  of  the  Gold. 

From  Mr.  Brewer's  report  and  from  that  of  Dr.  Phil- 
lips, it  wilj|  be  seen  that  a  large  proportio'n  of  the  gold- 
bearing  qiyirtz  veins  are  associated  with  the  semi-crys- 
talline slates  of  the  Talladega  series,  which  are  of  sedi- 
mentary origin.  These  slates  have  in  the  past  usually 
been  referred  to  as  talcose  slates,  and  hydromica  slates. 
Perhaps  the  term  talcoid  might  be  used  with  propriety, 
since  they  have  the  general  look  of  talcose  slates  with, 
however,  very  little  if  any  magnesia  in  their  compositon. 
The  gold  of  the  Silver  Hill  belt,  of  the  Goldville,  Hog 
Mountain  belt,  of  the  Turkey  Heaven  Mountains,  and 
of  the  Talladega  Mountain  belt  occurs  in  slates  of  this 
kind.     In  many  instances  intrusive  masses  of  granite  or 
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of  diorite  appear  in  close  proximity  to  the  gold  bearing 
slates.  As  an  instance  of  this  the  Crooked  Creek,  Gold- 
berg region,  may  be  cited. 

A  second  mode,  of  occurrence  of  the  gold  is  in  associa- 
tion with  gneiss,  hornblendic  gneiss,  and  diorites,  as 
illustrated  in  the  belt  including  Pinetucky,  Franklin 
Mines,  etc.  A  third  association  is  with  fehe  green  schists 
of  the  Hillabee  type,  as  at  Arbacoochee ,  Anna  Howe, 
etc.  At  Arbacoochee,  the  gold  occurs  at  the  junction  of 
these  green  schists  with  gneiss,  so  that  the  association 
might  be  considered  with  either. 

The  gold  bearing  quartz  veins  are  in  the  great  major- 
ity of  cases  what  have  usually  been  termed  bedded  veins 
or  veins  of  segregation .  They  are  so  termed  in  the  re- 
port of  Mr.  Brewer.  Prof.  G.  F.  Becker,  of  the  U.  S. 
Geological  Survey,  has  recently  made  an  examination  of 
the  gold  fields  of  the  Southern  Appalachian  as  far  south 
as  Georgia,  and  while  his  examinations  did  not  extend 
actually  into  Alabama,  his  descriptions  apply  with  almost 
e^ual  force  to  the  Alabama  fields.  In  the  other  states  to 
the  north-west  of  us,  however,  there  seems  to  be  a  much 
larger  proportion  of  the  gold  associated  with  the  igneous 
rocks  or  with  the  schists  derived  from  them  than  is  the 
case  in  Alabama. 

Since  the  report  of  Mr.  Becker  upon  the  Gold  Fields 
of  the  Southern  Appalachians*  embodies  modern  views 
upon  the  structure  of  the  rocks,  the  character  of  the 
veins,  etc.,  I  have  thought  it  desirable  to  give  below  an 
abstract  of  some  of  his  conclusions,  which  appear  to  me 
to  be  possibly  applicable  to  our  Alabama  measures. 

Structure  of  the  Associated  Rocks. 

* 

In  Alabama,  as  well  as  in  the  south-eastern  states,  the 


♦Sixteenth  Annual  Report  of  the  Director  of  the  U.  S.  Geological 
Survey. 
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structure  of  almost  the  entire  mass  of  the  older  rocks  is 
schistose,  the  strike  of  the  planes  of  cleavage  being  gen- 
erally that  of  the  Appalachian  range,  or  N.  30  deg.  to 
50  deg.  E.  Where  sedimentary  strata  occur  they  too 
strike  in  approximately  this  direction,  in  consequence  of 
the  folding  which  has  built  up  the  range ;  and  as  a  con- 
sequence of  this  fact,  the  cleavage  of  the  schists  has  very 
often  been  mistaken  for  bedding.  The  dip  of  these 
schists  is  generally  towards  the  south-east,  though  occa- 
sionally, north-west,  as  well  as  other  abnormal  dips,  oc- 
cur. These  remarks  apply  to  the  more  prominent  sur- 
faces of  schistose  cleavage,  but  observation  will  generally 
show  that  there  are  schistose  partings  at  a  large  angle 
to  the  most  pronounced  one ,  and  when  the  two  are  about 
equally  developed , their  intersection  being  nearly  horizon- 
tal,the  strikes  of  each  are  approximately  the  same.  Occa- 
sionally there  are  other  schistose  cleavages  striking 
nearly  at  right  angles  with  the  predominant  cleavage , 
but  these  play  a  comparatively  unimportant  part.  Ac- 
cording to  modern  views,  massive  igneous  rocks  such  as 
granite,  as  well  as  stratified  rocks,  are  converted  into 
schists  by  the  development  of  planes  of  cleavage  by 
shearing,  i.  e.,  "by  the  sliding  of  each  of  the  parallel 
infinitely  thin  lamellae,  of  which  the  rock  may  be  con- 
sidered to  be  made  up,  upon  that  next  below  it,  in  the 
same  direction  and  by  the  same  infinitesimal  amount/ ' 
the  movement  being  distributed  over  an  infinite  number 
of  surfaces  aud  not  reaching  the  rupturing  strain  on 
any  one.  If  the  rock  is  not  very  uniform  in  composi- 
tion, some  portions  of  it  may  acquire  the  schistose  struc- 
ture before  others,  and  the  resulting  schist  will  show 
bands  or  sheets  in  which  different  degrees  of  schistosity 
will  be  exhibited.  If  the  deforming  movement  be  car- 
ried far  enough,  fissures  will  be  opened  in  part  of  the 
schist  and  carunculated  surfaces  or  puckered  surfaces 
will  result,  whilst  other  portions  of  the  schist  will  have 
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merely  flat  cleavage  surfaces.  It  is  in  such  unevenly 
deformed  rocks  that  fissures  have  opened  most  widely 
and  veins  are  most  abundant  and  widest .  "  Carunculated 
surfaces  are  therefore  properly  regarded  as  favorable 
indications  bv  the  miners." 

Prof.  Becker  finds  proof  that  the  opening  of  the  fissures 
now  filled  with  ore  took  place  later  than  the  movements 
which  rendered  the  country  schistose,  in  the  fact,  among 
other  things,  that  angular  fragments  of  schist  are  often 
enclosed  in  the  quartz  ;  on  the  other  hand  the  connection, 
of  the  ore  deposits  with  dikes  does  not  appear  to  be 
very  close,  but  coeval  on  structural  grounds,  since  neither 
the  ore  deposits  nor  the  dikes  have  been  greatly  disturbed 
since  their  formation.  The  observations  of  Prof.  Becker 
show  that  in  the  great  majority  of  cases  the  fissures  fol- 
low the  schistose  partings  somewhat  closely  though  not 
accurately,  showing  a  certain  degree  of  correspondence 
between  the  producing  forces  of  two.  Nevertheless  the 
movements  were  not  in  general  identical  in  direction. 
This  is  shown  first  in  the  existence  of  veins  and  fissures 
at  various  angles  to  the  schistose  surfaces,  and  secondly, 
in  the  circumstance  that  some  of  the  markings  produced 
in  the  dislocations  accompanying  the  opening  of  the 
fissures,  do  not  coincide  in  direction  with  the  motion 
which  produced  the  schistosity.  Again,  where  the  rocks 
are  schistose  and  the  main  ore  bodies  are  intercalated, 
stringers  almost  always  cut  into  the  walls.  From  the 
relation  of  these  stringers  to  the  planes  of  cleavage  of 
the  schists  it  is  inferred  with  a  reasonable  degree  of  cer- 
tainty that  the  opening  of  the  fissures  has  been  accom- 
plished by  normal  faulting,  while  the  cleavage  of  the 
schists  has  been  the  result  of  overihrust  or  reverse  faulting; 
in  other  words,  the  movements  producing  the  schistosity 
and  those  producing  the  fissures  have  been  in  opposite 
direction  though  approximately  along  the  same  planes 
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The   Veins. 

As  has  already  been  said,  the  ore  deposits  of  Alabama 
show  approximate  conformity  with  the  structure  of  the 
wall, rocks,  and  for  this  reason  have  often  been  described 
as  bedded  veins,  and  veins  of  segregation. 

As  shown  by  Prof.  Becker,  the  structure  with  which 
the  deposits  are  approximately  conformable  is  not  strati- 
fication, but  schistose  cleavage,  which  he  also.  show3  to 
have  been  produced  prior  to  the  movements  which  opened 
the  fissures,  and  further,  the  pressures  which  opened 
the  vein  fissures  did  not  in  general  coincide  in  direction 
with  those  ^hich  had  previously  produced  schistosity. 
The  result  of  the  dislocation  was  to  produce  lens-like 
openings  along  the  main  cleavage  of  the  rocks,  which 
were  subsequently  filled  with  quartz,  forming  what  he 
terms  lenticular  stringers.  These  stringers  are  often 
discontinuous,  one  dwindling  away  or  disappearing 
while  its  place  is  taken  by  another  in  the  foot  or  hang- 
ing wall.  In  many  instances  diagonal  seams  may  be 
seen  to  connect  such  imbricating  stringers,  and  where 
the  connection  cannot  actually  be  seen  it  is  nevertheless 
inferred  to  exist,  and  the  conclusion  is  reached  that  all 
the  stringers  were  once  united  by  cracks  sufficiently 
large  to  permit  the  passage  of  solutions .  Such  connected 
groups  of  veins  have  been  termed  by  Prof.  Becker 
"linked  veins,"  and  the  association  of  small  fissures, 
each  bearing  a  lenticular  mass  of  quartz,  he  calls  a 
stringer  lead. 

While  the  greater  part  of  our  Alabama  Gold  deposits 
correspond  to  the  stringer  lead  type,  yet  there  are  nu- 
merous small  cross  fissures.  Instances  of  this  are  given 
by  Mr.  Brewer,  for  example  in  describing  the  occur- 
rences about  Goldberg,  on  Crooked  Creek.  From  what 
has  been  said,  it  will  be   seen   that   the   stringer  leads, 

while  coinciding  in  general  with  the  schistose  structure 
9 
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of  the  country,  do  not  coincide  with  it  in  detail,  and  that 
they  are  of  the  nature  of  true  veins,  i.  e.,  filling  of  pre- 
existing cavities.  Instances  are  also  numerous  where 
the  veins  are  attended  by  impregnations  of  the  country 
rock  to  such  a  degree  that  it  is  mined  and  milled  along 
with  the  material  of  the  veins  themselves. 

As  stated  above,  the  connection  of  the  ore  deposits  in 
Alabama  With  the  dikes  cannot  be  clearly  made  out,  nor 
can  it  be  said  that  a  satisfactory  explanation  of  the  origin 
of  the  gold  has  been  reached. 

The  Placers. 

The  loose  materials  carrying  the  gold  in  the  Southern 
Appalachians  is,  according  to  Prof.  Becker,  of  two  kinds, 
viz.,  the  ordinary  stream  gravels,  and  the  accumulations 
of  rotten  rock  in  place.  To  this  latter,  he  proposes  to 
give  the  name  of  saprolite,  as  a  general  term  for  thor- 
oughly decomposed,  earthy,  but  untransported  rock. 
The  celebrated  Arbacoochee  placers  illustrate  this  term 
very  perfectly. 

Mr.  Brewer's  report  above  gives  full  details  of  the 
placers  which  have  been  worked  in  Alabama,  and  noth- 
ing further  concerning  them  seems  called  for  here. 
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B.     NOTES  ON  THE  MICROSCOPIC  CHARACTERS 

OF   THE    ALABAMA    CRYSTALLINE    OR 

METAMORPHIC  ROCKS. 


1.     Notes  by  Dr.  G.   W.  Hawes. 

The  first  attempt  to  study  the  rocks  of  Alabama  by 
means  of  the  microscope  was  made  by  Prof.  Geo.  W. 
Hawes,  then  of  New  Haven,  Conn.,  who  prepared  and 
described  for  the  geological  survey  about  25  thin  sections 
of  crystalline  rocks,  sent  to  him  by  myself  in  1875.  I 
give  below  a  list  of  the  indentifications  made  by  him. 

No.  1.  Hornblqndic  mica-schist,  Columbus,  Ga. 
(Quartz,  orthoclase,  hornblende,  and  biotite.) 

No.  2.  Graphitic  mica-schist ,  Coosa  county.  ( Quartz, 
muscovite,  and  graphite.) 

No.  3.  Garnetiferous  mica-schist,  Randolph  county. 
(Quartz,  muscovite,  biotite,  apatite,  garnet.) 

No.  11.  Epidote  schist,  Clay  county.  (Epidote,mica, 
quartz,  hornblende.) 

No.  13.  Hornblende  schist,  Chilton  county.  (Horn- 
blende, quartz,  orthoclase,  oligoclase,  ilmenite.) 

No.  15.  Hornblendy te ,  Tallapoosa  county.  (Horn- 
blende, oligoclase,  quartz.) 

No.  17.     Andalusite  in  hornblendite,  Clgiy  county. 

No.  17a.  Epidosite,  Clay  county.  (Epidote,  cyanite, 
staurolite. ) 

No.  18.  Hornblendy  te ,  Dudley  ville,  Tallapoosa  coun- 
ty.    (Hornblende,  chlorite,  epidote.) 

No.  19.  Graphitic  quartzite,  Coosa connty.  (Quartz, 
graphite.) 

No.  20.  Diorite,  Chilton  county.  (Hornblende,  la- 
bradorite,  titanic,  iron,  pyrite.) 
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No .  21 .  Dolerite ,  near  Auburn ,  Lee  county.  ( Pyrox- 
ene, labradorite,  magnetite.) 

No.  22.  Ossipyte,  near  Ragan's  Mill,  Notasulga,  Lee 
county.  (Labradorite,  chrysolite,  hypersthene,  titanic 
iron.) 

•  

No.  23.     Dolerite,   Oak   Bowery,    Chambers   county. 
(Pyroxene,  labradorite,  magnetite.) 
No.  24.     Granulite,  Coosa  county.     (Quartz,  feldspar, 

garnet,  epidote.) 

No.  25.  Hornblendite,  Wood's  Copper  Mine,  Cle- 
burne county.     (Hornblende,  quartz,  feldspar.) 


During  the  winter  of  1892,  Dr.  J.  Morgan  Clements, 

at  that  time  assistant  geologist  of  the  Alabama  Survey, 

made  a  trip  through  the  territory  of  Our  crystalline  rocks 
with  the  purpose  of  collecting  for  microscopic  examina- 
tion typical  specimens  of  the  rock  varieties  most  common 
in  that  section.  The  results  of  his  Work  are  given 
below.  Other  specimens  collected  by  me  were  sent  to 
him  for  identification  and  study  later,  in  1894  and  1895, 
and  his  report  on  these  follows  the  article  just  referred 
to. 

During  the  summer  of  1895,  at  the  request  of  Mr.  C, 
W.  Hayes,  of  the  U.  S.  Geological  Survey,  I  made  a 
small  collection  of  the  crystalline  rocks  which  have  been 
examined  by  Mr.  Alfred  Brooks,  of  the  U.  S.  Geological 
Survey,  whose  report  appears  below.  Besides  these  ex- 
aminations, Mr.  Harry  D.  Campbell,  of  Lexington,  Va., 
and  Prof.  Van*Hise,  of  Madison,  Wis.,  were  kind  enough 
to  identify  for  me  a  number  of  crystalline  rocks,  about 
which  there  was  uncertainty  as  regarded  their  origin. 

It  is  the  intention  to  continue  these  studies  of  our 
crystalline  rocks,  and  to  publish  the  result  from  time  to 
time. 

To  the  notes  of  Dr.  Clements  and  Mr.  Brooks  I  have 
added  in  foot  notes  such  oomments  as  to  the  associations 
and  distribution  of  the*  several  varieties  described,  as 
have  seemed  desirable. 
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2.  NOTES  ON  THE  MICROSCOPICAL  CHARACTER 
OF  CERTAIN  ROCKS  FROM  NORTH-EAST 

ALABAMA. 


BY 

J.  Morgan  Clements. 


Madison,  Wis.,  Dec.  18,  1895. 

Dr.  E.  A.  Smith, 

State  Geologist,  Tuscaloosa,  Ah. 

Deab  Sir  : — I  send  you  herewith  a  brief  description  of 
the  rocks  collected  by  me  during  the  ten  days  spent  in 
December,  1892,  in  the  crystalline  area  of  Alabama. 

Immediately  upon  returning  from  the  reconnoissance 
chips  were  sent  away  to  be  sectioned ,  but  owing  to  un- 
avoidable delays  the  sections  were  not  received  until 
nearly  six  months  thereafter.  My  acceptance  of  a  posi- 
tion elsewhere  and  entrance  upon  my  new  duties  almost 
immediately  prevented  my  completing  the  work  begun 
on  the  Alabama  Survey. 

It  has  been  a  source  of  much  regret  that  other  duties 
have  prevented  me  from  sending  you  ere  this  the  descrip- 
tion of  the  rocks  which  through  your  kindness  I  was  en- 
abled to  collect. 

Very  respectfully, 

J.  Morgan  Clements. 
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1      '  INTRODUCTION. 

The  rock9  examined  were  collected  by  me  for  the  Ala- 
bama State  Survey  during  ten  days  spent  on  a  recon- 
noissance  trip  in  the  north-eastern  part  of  the  State.  It 
was  primarily  my  object  to  visit  and  collect  specimens 
for  study  from  certain  igneous  rocks  observed  by  Tuomey* 
E.  A.  Smith, f  and  C.  H.  Hitchcock, J  and  in  general  to 
collect  specimens  of  the  various  crystalline  rocks  met 
with,  in  order  that,  from  a  study  of  the  sections,  I  would 
be  better  prepared  to  undertake  the  mapping  of  the  area 
which  was  contemplated  as  the  work  for  the  following 
season.  The  following  is  really  a  brief  account  of  the 
journey,  embodying  all  observations  made,  with  the  ad- 
dition, however,  of  the  notes  on  the  microscopical  char- 
acters of  the  rocks  collected. 

At  the  end,  under  the  head  of  conclusions,  I  have  ar- 
ranged the  rocks  according  to  their  probable  origin, 
since,  in  view  of  the  investigation  now  in  progress  in  the 
crystalline  area,  the  origin  of  its  rocks  is  of  great  import- 
ance as  indicating  the  relations  .to  the  overlying  sedi- 
mentaries.  It  is  this  line  of  microscopical  inquiry  in 
conjunction  with  stratigraphical  work  which  will  prob- 
ably be  most  fruitful  in  determining  whether  or  not  there 
is  an  Algonkian  series  of  sediments — more  or  less  me- 
tamorphosed— present  in  Alabama,  or   whether  all  the 

♦Second  Biennial  report  of  the  State  Geologist  of  Alabama,  pp.  51, 
61,  63,  1858. 

tObservations  of  Profs.  Smith  and  Hitchcock  may  be  found  in  their 
manuscript  notes. 

{A  hand  specimen  of  the  rock  mentioned  by  Prof.  Tuomey  on  p.  51 
of  his  second  report,  was  found  in  the  University  collection  with  his 
label  attached.  This  was  submitted  to  Prof.  Hawes,  and  by  him  de- 
scribed as  Ouipyte :  see  his  No.  22  above.  Neither  Prof.  Hitchcock, 
Dr.  Clements  nor  myself  has  succeeded  in  finding  this  rock  in  place. 

E.  A.  S. 
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crystalline  rocks  are  to  be  grouped  with  the  Archaean. 

Many  of  the  rocks  have  been  affected  to  a  considerable 
depth  by  the  atmospheric  agencies.  Frequently  they 
will  retain  their  structure  quite  perfectly,  but  when  one 
attempts  to  collect  a  specimen  the  mass  crumbles  in  the 
grasp.  When  the  rocks  have  been  subjected  to  active 
erosion  and  this  thick  weathered  portion  has  been  re- 
moved they  will  be  found  to  be  covered  only  by  a  thin 
altered  layer  and  to  compare  in  freshness  with  similar 
rocks  from  other  regions. 

An  attempt  was  made  to  locate  all  ledges  from  which 
specimens  was  taken,  by  the  sections,  townships  and 
ranges,  but  this  proved  a  failure.  In  most  cases  the 
farmers  do  not  know,  or  at  least  were  very  uncertain  as 
to  the  section  and  portion  of  the  section  in  which  they 
were  located. 

Notasulga  to  Ragan's  Mill. 

Notasulga,  where  the  first  stop  was  made,  is  built  on 
the  light  colored  sand  and  gravel  of  the  Lafayette  forma- 
tion, which  covers  the  most  of  the  Coastal  Plain  of  the 
Southern  States.  For  a  mile  north  of  this  point  the  road 
to  Ragan's  Mill,  Sec.  32,  T.  19  N.  Range  24  E.,  passes 
over  this  light  colored  soil.  The  change  is  then  noticed 
to  the  red  clayey  soil  of  the  crystalline  schist  area. 
About  i  mile  before  reaching  the  mill,  we  pass  over  very 
rotten  mica  schist  striking  N.  E.  and  S.  W.  and  dipping 
about  45  deg.  N.  W.  Just  before  reaching  the  old  mill- 
race,  rotten  mica  schists  outcrop  again,  and  have  inter- 
bedded  with  them  a  bed  of  quite  fresh  dark  green,  rather 
coarse  grained  schist,  Sp.  1,  8  inches  thick,  striking  N. 
E.  S.  W.  and  dipping  to  the  N.  W. 

Sp.  1.  Amphibolite. — The  hand-specimen  shows  a  vein 
of  quartz  which  is  parallel  to  the  schistosity.  Under  the 
microscope  the  rock  is  seen  to  be  composed  of  common 
green  hornblende   in  interlocking   prisms,  with  a  very 


THE  ROCKS  OF  THE  GOLD  REGION,  139  . 

small  amount  of  quartz,  in  grains,  associated  with  it. 
The  hornblende  shows  marked  pleochroism,  with  the 
usual  absorption,  a.  yellow,  6.  yellowish  green,  c.  bluish 
green,  where  c  >  b  >  a.  It  includes  only  a  few  round  blebs 
of  quartz.  The  prisms  of  hornblende  lie  with  their 
longer  axes  in  the  same  general  direction ,  giving  a  marked 
schistosity  to  the  rock .  There  is  nothing  which  gives 
any  clue  at  all  to  the  origin  of  the  rock. 

Several  bands  of  garnetiferous  mica-schist  are  exposed 
in  the  banks  of  the  mill-race.  The  bands  strike  S.  E.-N\ 
W.  and  dip  to  the  N.  W.  Numerous  small  pegmatitic 
dikes  were  seen  cutting  these  schists  and  intersecting 
each  other.  One  dike  of  granite,  H  feet  wide,  has  forced 
its  way  in  between  the  strata.  Immediately  under  the 
bridge  the  strata  are  contorted  at  a  point  where  this 
granite  intrusion  shows  marked  increase  in  thickness. 

Across  the  race,  in  the  stable  yard  of  Mr.  Jones,  the 
schists  have  a  strike  N.  E.-S.  W.,  with  a  dip  to  the  N.  W., 
the  amount,  however,  not  being  determinable ,  as  it  was 
only  a  surface  outcrop.  These  schists  form  the  knoll 
upon  which  the  house  is  built.  The  schists  are  here  cut 
by  a  granite  dike ,  Sp.  32.  The  rock  is  light,  nearly 
white,  and  quite  fine  grained. 

Sp.  2,  Biotite  Granite. — The  microscope  shows  a  rock 
with  typical  granitic  structure  and  consisting  of  quartz, 
microcline  and  an  unstriated  feldspar  which  is  presumed 
to  be  orthoclase,  plagioclase,  «and  biotite  as  essential  con- 
stituents, with  apatite,  garnet,  zircon,  and  rutile  present 
as  accessory  minerals.  As  secondary  minerals  we  find 
epidote  and  muscovite.  The  quartz  is  the  ordinary 
granitic  kind,  containing  both  gas  and  fluid  inclusion, 
the  latter  frequently  with  a  dancing  bubble.  Long 
needles  of  rutile  are  rather  common  in  it  and  zircon  is 
also  found  enclosed  by  it.  Microcline,  which  forms  the 
greater  part  of  the  rock ,  is  also  present  in  xenomorphic 
grains  and  encloses  blebs  of  quartz.     It  shows  the  char- 
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acteristic  cross-hatched  structure  and  commonly  contains 
the  spindle-shaped  microperthitic  intergrowths  of  a  tri- 
clinic  feldspar.  Very  little  orthoclase  is  present  in  un- 
striated  grains.  Its  place  seems  to  have  been  taken  by 
the  microcline.  The  orthoclase  encloses  rufcile  and  apatite. 
Plagioclase  is  also  rather  rare  in  partly  automorphic 
crystals  polysynthetically  twinned  according  to  the  aibite 
law.  Biotite  is  found  in  fairly  well  developed  crystals 
whose  contours  are,  however,  at  times  indented  by  the 
other  minerals,  andv  whose  edges  are  in  places  quite 
ragged.  The  pleochroism  is  strong,  sections  cut  parallel 
to  the  c  axis  varying  from  brownish  yellow  to  dark,  al- 
most opaque  brown.  It  is  beginning  to  alter  on  the 
edges  to  muscovite.  No  magnetite  was  observed  in  this 
section.  Apatite  is  in  small  orysfcals  and  is  not  common. 
Zircon  is  rather  rare.  Rutile  occurs  in  fine  needles  in 
the  quartz  and  orthoclase.  A  light  pink  garnet  without 
crystal  faces  was  also  found  in  the  section.  A  few  gar- 
nets are  also  to  be  seen  macroscopically  in  the  hand 
specimen.  Slightly  pleochroic  epidote  was  observed  in 
imperfectly  automorphic  crystals,  usually  associated  with 
biotite.  All  of  the  minerals  are  quite  fresh,  no  traces  of 
alteration  being  observed  except  in  the  biotite,  which 
alters  to  muscovite,  and  a  cloudiness  along  the  edges  of 
the  feldspar  grains  and  in  cracks  traversing  them.  The 
order  of  crystallization  is  first  the  accessory  minerals, 
then  biotite,  plagioclase,  'microcline,  and  quartz.  The 
granite  shows  evidences  of  dynamic  action  to  a  slight 
degree  in  the  undulatory  extinction  observed  in  certain 
of  the  quartz  grains  and  in  the  bending  of  the  twinning 
lamellae  in  some  of  the  feldspars. 

Beyond  Mr.  Jones'  house,  just  before  crossing  the 
Sougahatchee  Creek,  we  pass  an  exposure  of  rotten  mi- 
caceous schist  with  the  usual  N.  E.  and  S.  W.  strike  and 
N.  W.  dip.  A  somewhat  schistose  granite  rock,  Sp.  3 
and  4,  is  seen  to  form  the  hill  across  the  creek. 
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Sp.  3.  Biotite  Granite . — This  is  macroscopically  a  light 
colored,  slightly  greyish,  medium  grained  rock,  showing 
a  banding  caused  by  alternating  layers  of  rock  material 
which  are  richer  and  poorer  in  dark  mica. 

Under  the  microscope  the  rock  is  seen  to  be  composed 
of  essentially  the  same  minerals  as  the  granite,  Sp.  2 
above  described.  Moreover  the  structure  is  the  same 
except  that  a  scarcely  noticeable  parallel  arrangement  of 
the  mica  plates  exists,  and  a  general  agreement  in  the 
long  extension  of  the  grains  of  feldspar  and  quartz  can 
be  seen.  Jn  Sp.  3  the  mica,  which  is  the  same  dark 
brown  biotite  found  in  the  granite,  is  in  parallel  inter-* 
growth  in  places  with  a  light  colored  mica  muscovite, 
with  strong  absorption  of  the  rays  vibrating  parallel  to 
the  cleavage.  Neither  the  accessory  rutile  needles  nor 
the  garnet  or  epidote  is  present  in  the  section.  The 
feldspar  begins  to  show  alteration,  with  accompanying 
production  of  muscovite.  The  specimen  also  shows  slight 
pressure  phenomena. 

Sp.  4.  Biotite  Granite. — This  was  collected  by  Prof. 
Hitchcock  from  the  same  locality,  and  is  identical  in 
every  respect  with  Sp.  3. 

I  have  called  this  rock  a  granite  in  spite  of  its  slightly 
banded  character.  It  might  perhaps  be  more  correctly 
called  a  gneissoid  granite,  for  the  succession  of  crystalliz- 
ation of  these  minerals  and  the  microscopical  character 
show  it  to  be  an  eruptive  rock.  The  question  then  arises 
as  to  the  origin  of  the  laminated  structure  in  it  which  * 
causes  it  to  simulate  a  gneiss.  The  structure  is  original, 
for  the  dynamic  action  which  the  rock  has  undergone  is 
very  slight,  as  shown  by  the  lack  of  a  well  developed 
cataclase  structure.  It  seems  reasonable  to  explain  the 
lamination  as  the  result  of  differential  movement  in  the 
original  rock  magma.  The  great  resemblance  between 
Sp.  3  and  4  and  Sp.  2  and  their  close  proximity  to  each 
other  leads  me  to  suppose,  although  no  connection  be- 
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tween  them  was  observed ,  that  they  are  portions  of  the 
same  rock  mass.  Upon  closer  study  of  the  occurrence  it 
will  probably  be  found  that  the  mass  from  which  Sp.  3 
and  4  were  taken  is  either  a  great  dike,  or  else  a  laccoli- 
tic  mass  from  which  the  smaller  dikes  cutting  the  schist, 
such  as  the  one  from  which  Sp.  2  came,  were  sent  out. 

According  to  Tuomey  there  occurs  at  Ragan's  Mill  a 
dike  of  gabbro .  (2nd  Biennial  Rep.  State  Geologist  of 
Ala.,  1858,  p.  51) .  This  dike  was  sought  for  by  Hitch- 
cock, but.  like  myself  he  failed  to  find  it.  Hitchcock 
found,  however,  near  the  grist  mill  what  he  describes  as 
a  very  modern  looking  basaltic  rock.  (Manuscript  notes) . 
At  first  sight  the  rock  collected  by  Hitchcock  also  im- 
pressed me  as  resembling  very  closely  certain  young  vol- 
canic rocks.  As  it  would  be  exceedingly  interesting  if 
such  a  rock  could  be  found  in  situ  occurring  in  the  Ap- 
palachians, an  especial  search  was  instituted  for  it  near 
the  site  of  the  mill,  for  the  mill  itself  no  longer  exists, 
but  failed  to  bring  it  to  light.  Under  the  microscope 
the  rock  is  seen  to  be  a  basalt  of  exactly  the  same  type 
as  that  quarried  at  Niedermendig,  Rhenish  Prussia,  and 
exported  extensively  for  use  in  America  and  elsewhere 
for  millstones,  and  this  was  the  rock  to  which  it  was  re- 
ferred when  first  seen.  Without  being  able  to  state 
positively,  it  seems  to  me  that  the  specimens  collected 
by  Prof.  Hitchcock  owe  their  origin  to  such  an  im- 
ported millstone,  it  probably  having  been  broken  up  into 
fragments,  so  that  he  was  not  able  to  observe  traces  of 
workmanship  upon  it.* 

The  following  is  a  brief  description  of  the  rock  collected 
by  Hitchcock  : 

Sp.  5.  Leucite  Tephrite. — This  is  a  fine  grained  gray 
vesicular  rock.     Under  the  microscope  its  constituent 

*In  the  summer  of  1895. 1  collected  specimens  of  this  rock  from  the 

old  mill  race,  and  obtained  positive  proof  that  it  formed  part  of  a 
millstone  imported  many  years  ago  by  Mr.  Kagan.  Dr.  Clements' 
conjecture  as  to  its  origin  is  thus  verified.  E.  A.  S. 
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minerals  are  seen  to  be  augite,  olivine  (?),  biotite,  leu- 
cite,  apatite,  and  magnetite.  Augite  occurs  in  porphy- 
ritic  minerals  and  also  in  very  small  grains  in  the  ground- 
mass,  that  is  in  two  generations.  In  color  it  is  yellow, 
with  a  very  faint  pleochroism.  At  times  it  is  zonally 
arranged ,  with  a  green  pleochroic  aegirine-like  pyroxene 
at  the  center  and  around  it  a  zone  of  ordinary  augite.  It 
shows  the  ordinary  characters,  so  frequently  described, 
of  basaltic  augite.  Biotite  was  present  also  in  porphy- 
ritic  crystals.  Its  former  presence  is  determined  by  its 
form.  Certain  paramorphs  after  it;  which  retain  the 
biotite  form,  now  are  made  up  of  grains  of  augite  and 
magnetite,  the  biotite  substance  having  been  completely 
resorbed  by  the  magma.  The  augite  and  biotite  crystals 
lie  in  a  fine  grained  groundmass  which  consists  chiefly 
of  small  augite  crystals  and  magnetite,  withleucite  and 
plagioclase  as  feldspathic  elements.  The  leucite  shows 
no  optical  anomalies  in  the  small  crystals  here  present, 
but  is  isotropic.  Its  outline  is  marked  by  the  charac- 
teristic zonal  inclusions  of  augite,  magnetite,  and  brown- 
ish glass.  The  plagioclase  is  in  small  polysynthetically 
twinned  lath-shaped  crystals.  The  magnetite  forms  well 
developed  crystals  of  small  size.  Apatite  is  present  in 
needles,  and  in  one  case  a  fairly  large  crystal  which  was 
quite  full  of  black  interpositions.  Numerous  grains  in 
the  groundmass  which  are  colored  yellowish  brown  by 
iron  hydroxide  may  be  slightly  altered  olivine,  but  I 
could  not  be  sure  that  they  were.  Nepheline  was  sought 
for  in  the  groundmass  but  was  not  found  with  the  micro- 
scope, and  no  microchemical  tests  were  made  to  prove 
its  presence.  Glass  was  likewise  not  found,  although  it 
.  is  probably  present  as  colorless  film3  between  elements 
forming  the  groundmass. 

Notasulga  to  Woodh  Mill. 
A  short  visit  was  made  to  a  small  quarry  to  the  north . 
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west  of  Notasulga,  which  can  be  found  on  the  right-hand 
side  of  the  road  about  350  paces  in  the  woods,  J  mile  be- 
fore reaching  Wood's  mill.  The  quarry  is  abandoned 
and  pretty  nearly  full  of  water. 

Sp.  6.  Biotite  Granite. — Microscopically  the  rock  is 
medium  grained,  gray,  and  does  not  show  in  the  hand 
specimen  a  gneissoid  structure.  This  is  only  seen  in  the 
rock  en  masse  in  the  quarry,  the  banding  striking  N.  E. 
S.  W.  and  dipping  5  deg.  S.  W.  There  is  a  parting 
which  runs  parallel  with  the  bands  and  separates  the 
rock  into  massive  layers.  This  parting  greatly  facilitates 
quarrying. 

Under  the  microscope  it  is  found  to  be  composed  of 
quartz,  microcline,  orthoclase,  plagioclase,  biotite,  mus- 
covite,  and  very  little  magnetite.  Apatite  and  zircon  are 
present  as  accessory  minerals.  These  minerals  all  pos- 
sess the  usual  characters  as  described  above.  The  mica 
is  the  ordinary  brown  biotite,  showing  the  absorption, 
and  also  muscovite.  This  latter  is  frequently  seen  in 
parallel  intergrowth  with  the  biotite.  There  is  an  easily 
recognizable  absorption  in  it  of  the  rays  vibrating  par- 
allel to  the  cleavage,  giving  it  a  faint  greenish  tinge. 
Some  of  the  minerals  show  traces  of  beginning  altera^ 
tion.  In  the  feldspar  this  slight  cloudiness  is  the  be- 
ginning of  kaolinization .  Some  calcite,  probably  infil- 
trated, was  also  observed  in  the  section.  Undulatory 
extinction  was  rare.  The  rock  bears  great  resemblance 
microscopically  to  Sp.  3  and  4  from  Ragan's  Mill,  and 
it  is  highly  probable  that  it  belongs  to  the  same  rock 
mass.* 

Auburn  to  Mr.  Drake's. 
One  mile  north-west  of  Auburn,  in  Sec.  19,  T/19  N., 


*To  this  same  rock  mass  belongs  also  rery  probably,  the  granite 
described  by  Mr.  Brooks  below  from  3  miles  west  of  Loachapoka. 

E.  A.  S. 
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R.  26  E.,  near  Mr,  Drake's  farm,  a  quarry  in  gneiss  was 
visited.  The  schistosity  strikes  north-east  and  south- 
west and  dips  20  deg.  south-east. 

Sp.  7.  Biotite  Gneiss. — A  fine  grained  dark  gray  schis- 
tose rock'  very  rich  in  biotite.  The  microscope  shows 
quartz,  plagioclase,  orthoclase,  biotite,  muscovite,  and 
magnetite  to  be  the  chief  constituents.  As  accessory 
minerals  garnet,  zircon  and  thulite  were  observed.  The 
minerals  quartz,  feldspar  and  mica  are  in  grains  and 
ragged  fragments,  and  consequently  show  no  well  defined 
order  of  crystallization.  The  mica  lies  between  other 
minerals  with  well  marked  parallelism  of  the  long  exten- 
sion of  its  plates,  and  gives  the  rock  its  schistose  struc- 
ture. Zircon  is  included  in  the  biotite,  and  the  biotite 
immediately  surrounding  it  has  a  very  much  stronger 
absorption  than  elsewhere.  A  few  small  crystals  of 
rose-colored  manganiferous  zoisite — thulite — were  found. 
One  was  seen  included  in  biotite,  and  like  the  zircon 
surrounded  by  a  pleochroic  court.  The  remaining  min- 
erals present  their  ordinary  characters.  The  rock  is 
(juite  fresh,  slight  kaolinization  of  the  feldspar  being  the 
only  alternation  which  is  shown.  It  has,  however,  un- 
dergone considerable  crushing,  to  judge  from  the  bend- 
ing of  the  mica  and  undulatory  extinction  in  the  miner- 
als. This  has  even  gone  far  enough  to  produce  an  im- 
perfect cataclistic  structure.  Nothing  could  be  seen  in- 
dicating the  mode  of  origin  of  the  gneiss,  though  the 
•rushing  might  lead  one  to  suppose  that  it  was  a  meta- 
morphosed eruptive,  perhaps  originally  a  biotite  granite. 

Auburn  to   Wright* s  Mill. 

A  search  was  made  along  the  road  running  towards 
Wright's  Mill,  south-east  of  Auburn,  for  a  dike  of  diabase 
observed  by  Dr.  Smith,  and  found  about  three  miles  from 

10 
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the  town.  I  was  unable  to  find  the  dike  and  get  its  re- 
lation .  The  following  is  a  description  of  the  hand  speci- 
men collected  by  Dr.  Smith  :* 

Sp.  8.  Diabase. — A  medium  grained  dark  grjiy  rock, 
showing  macroscopically  the  arrangement  of  the  feldspar 
laths.  It  alters  to  a  light  brown  product  which  covers 
part  of  the  specimen  with  a  thin  crust.  The  rock  is  a 
typical  diabase,  with  a  beautifully  developed  ophitic 
structure.  It  is  composed  of  plagioclase,  quartz,  augite, 
some  greenish  brown  mica,  and  titaniferous  magnetite. 
The  plagioclase  is  in  automorphic  lath-shaped  crystals 
and  predoffciji&fcGg  in  the  section .  The  angular  inter- 
spaces between  thes&^crystals  are  filled  with  the  augite, 
magnetite,  and  ilmenite:  _  The  feldspar  is  quite  fresh, 
and  is  twinned  both  according  fcTthe  albite  and  carlsbad 
laws.  Measurements  of  the  extinctitop.  angles  against 
the  twinning  planes  gave  angles  varying  fern  25  deg.  to 
36  deg.,  showing  it  to  be  a  variety  of  labradorite.  The 
augite,  twinned  according  to  the  usual  law,  ifc  found  in 
xenomorphic  crystals  between  the  feldspars.  Ift  is  light 
yellowish  in  color  and  quite  fresh.  At  times  aM>egin- 
ning  alteration  to  a  greenish  chloritic  substance  isiseen 
around  the  edges.  A  small  amount  of  diallagic  augite 
in  small  grains  has  in  some  cases  been  almost  entirely 
changed  to  this  substance.  The  greenish  alteration 
product  has  a  very  finely  fibrous  structure,  and  seems  to 
be  due  to  a  process  of  serpentinization  rather  than  too 
uralitization .  This  also  fills  some  of  the  angular  spaced 
in  the  rock,  and  may  indicate  total  alteration  at  such 
places  of  the  originally  present  augite.  No  olivine  i^ 
present.  Only  a  small  amount  of  quartz  was  observed^ 
and  it  was  in  micropegmatitic  intergrowth  with  the  feld- 

*This  is  the  same  rock  as  that  identified  by  Dr.  Hawes  as  Dolerite  ,| 
No.  2i  above.  At  present  the  name  dolerite  is  applied  to  the  more' 
recent  and  diabase  to  the  older  eruptives  of  similar  composition. 

E.  A.  S. 
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spar,  this  forming  the  last  product  of  the  crystallization. 
It  fills  in  a  few  of  the  angular  interspaces.  There  is  not 
enough  present  to  cause  the  rock  to  be  called  a  quartz 
diabase.  Considerable  leucoxene,  the  alteration  product 
of  ilmenite  was  observed  around  the  iron  ore. "  Some 
secondary  crystals  of  iron  pyrites  were  also  found. 

About  half  way  between  Auburn  and  Wright's  Mill 
we  cross  an  outcrop  on  the  top  of  a  hill  of  quartz-schist. 

Sp.  9.  Quartz-schist. — A  white,  very  fine  grained  rock, 
almost  novaculitic  in  texture.  It  weathers  slightly  and 
the  weathered  surface  is  tinged  red.  The  schistosity  of 
the  rock  is  marked  by  the  presence  of  plates  of  muscovite 
lying  parallel  to  each  other.  Under  the  microscope  the 
rock  is  seen  to  be  composed  chiefly  of  interlocking  grains 
of  quartz.  Feldspar  in  similar  grains  which  show  up 
best  when  altered,  and  muscovite  in  parallel  leaves  are 
common.  A  few  rutile  needles,  zircon  crystals,  and 
somearon  pyrites  are  the  only  other  minerals  present. 

Just  before  reaching  Wright's  Mill  we  pass'an  outcrop, 
striking  north-east  and  south-west  across  the  road,  of 
augen  gneiss,  Sp.  10,  which,  when  very  much  altered, 
looks  like  talcose  mica-schist,  Sp.  11.  The  same  rock 
outcrops  at  the  mill  in  the  bed  and  banks  of  Chewacla 
Creek.  In  the  creek  bed,  just  above  the  mill,  we  find  a 
thinly  bedded  finer  grained  variety,  Sp.  13,  interbedded 
with  a  commoner  variety  like  Sp.  12,  which  is  in  its 
turn  merely  a  finer  grained  variety  of  Sp.  10.  It  is 
highly  probable  that  the  thin  bed  is  only^ajportion  de- 
veloped along  a  shearing  plane.  The  strike  of  the  rocks 
as  taken  on  the  contact  between*"  the  finer  and  coarser 
grained  variety,  Sp.  13  and  12,  is  N.  E.-S.  W.,  with  a 
dip  of  60  deg.  S .  E .  These  rocks  are  especially  inter- 
esting, as  showing  so  clearly  the'origin  of  their  present 
structure . 

Sp.  10.     Biotite-gneiss. — Probably  derived^by  dynamo- 
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metamorphic  action  from  an  original  biotite  granite. 
Macroscopically  it  is  a  typical  "augen* '  biotite  gneiss, 
with  a  well  marked  oval  augen  around  which  the  mica 
layers  bend . 

Under  the  microscope  the  eyes  are  composed  of  felds- 
par, both  polysynthetically  twinned  and  an  unstriated 
kind,  quartz,  and  biotite.  The  association  is  granitic, 
the  biotite  and  triclinic  feldspar  showing  the  best  devel- 
opment. All  the  minerals  are  very  fresh.  The  feldspar 
is  full  of  minute  automorphic  crystals  of  epidote,  and 
zoisite,  and  contains  also  small  plates  of  muscovite. 
The  feldspar  substance  between  these  minerals  is  per- 
fectly fresh,  showing  no  trace  whatever  of  alteration. 
The  feldspar  shows  only  slight  undulatory  extinction. 
The  quartz  between  the  feldspar  is,  however,  already 
crushed,  and  is  present  as  an  interlocking  mosaic.  Sur- 
rounding the  eye  there  is  a  zone  of  varying  width  com- 
posed essentially  of  minute  brown  biotite  scales  with  a 
few  larger  biotite  and  muscovite  plates  lying  in  a  mosaic 
of  crushed  quartz  and  feldspar.  Imbedded  in  the  mica 
are  large  sphene  and  epidote  crystals.  In  one  case  a 
brown  allanite  crystal  was  observed  surrounded  by  epi- 
dote, as  described  by  Lacroix*  from  several  localities, 
and  by  Hobbsf  from  the  Ilchester  granites  of  Maryland. 
The  sphene  and  epidote  crystals  lie  with  their  long  ex- 
tension parallel  to  the  schistosity  of  the  rock.  Also  a 
little  pink  garnet  was  seen.  These  and  the  mica  are  evi- 
dently secondary.  They  show  no  sign  of  crushing.  la 
this  biotitic  portion  there  are  also  minute  eyes  formed  of 
single  oval  feldspar  crystals  surrounded  by   a   mosaic  of 

♦Contributions  a  l'6tude  des  gneiss  a  pyroxene  et  des  roches  a  wer- 
nerite.  Bull,  dela  Soc.  francaise  de  Mineralogie,  tome  XIT,  No.  4, 
April,  1889. 

tOn  the  Paragenesis  of  Allanite  and  Epidote  as  Rock-forming  Min- 
erals, by  Wm.  H.  Hobbs.  Johns  Hopkins  Univ.  Circulars,  No.  65, 
April,  1888;  Am.  Journ.  Sci.,  Vol.  38,  Sept.,  1889,  pp.  226-228;  Teh. 
Min.  Pet.  Mit.,  Vol.  11,  1889,  p.  1. 
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small  grains  of  feldspar  ground  from  the  large  crystals 
by  crushing.  The  quartz  seems  in  all  cases  to  have  been 
ground  down  to  what  we  may  call  a  miscrocopical  pow- 
der, so  fine  are  the  grains  at  times,  and  this  forms  the 
most  of  the  material  in  which  the  biotite  flakes  lie.  The 
specimen  shows  the  phenomena  accompanying  crushing 
and  shearing  most  beautifully.  The  crushing  of  the 
quartz  is  especially  well  shown.  From  a  large  grain 
showing  undulatory  extinction  the  process  can  be  traced 
to  the  next  stage,  where  the  grain  is  separated  along 
lines  perpendicular  to  the  direction  of  schistosity.  These 
various  edges  and  also  the  ends  around  the  outer  edges 
and  corners  are  then  rubbed  to  a  finely  powdered  mosaic 
of  quartz,  and  in  the  last  stage  we  have  none  of  the 
original  quartz  left  in  large  grains.  The  feldspar  like- 
wise is  crushed,  but  it  is  usually  first  rounded  by  the 
grinding  down  of  the  corners,  reducing  it  to  a  more  or 
less  oval  outline.  It  is  also  frequently  pulled  apart  and 
the  cracks,  extending  perpendicular  to  the  direction  of 
movement,  have  been  filled  with  quartz.  Judging  from 
the  eyes,  which  apparently  represent  the  original  rock, 
this  biotite  gneiss  seems  to  have  resulted  from  the  in- 
tense crushing  of  a  biotite  granite. 

Sp.  11.  Biotite-gneiss.  This  is  a  very  much  altered 
phase  of  the  above.  In  it  muscovite  forms  the  greater 
part  of  the  rock,  and  there  i3  a  great  deal  of  ilmenite 
in  well  developed  hexagonal  plates.  No  epidote  and 
very  little  sphene  is  present. 

Sp.  12.  Biotite-gneiss.  This  is  a  somewhat  finer  grain- 
ed modification  of  Sp.  10.  Instead  of  epidote  we  have, 
however,  the  rose  colored  manganiferous  zoisite — thu- 
Jite— appearing  in  rounded  prismatic  crystals.  It  is  al- 
ways surrounded  by  a  narrow  zone  of  clear  white  zoi- 
site. The  minerals  have  not  in  all  cases  exactly  the 
same  orientation,  the  extinction  varying  very  slightly  in 
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the  two  zones.  The  thulite  has  even  a  lower  polarization 
color  than  the  zoisite,  appearing  almost  isotropic.  The 
occurrence  of  thulite  in  biotite-gneiss,  noted  also  in  Sp. 
7,  has,  as  far  as  I  know,  not  been  mentioned  before. 
Its  zonal  structure  with  zoisite  is  especially  interesting. 
The  manganese  present  in  the  rock  having  been  used 
up,  the  mineral  continued  to  grow  by  the  addition  of 
the  zoisite  molecule.  This  zonal  structure  of  the  zoisite 
and  thulite  may  be  compared  to  that  described  by  La- 
croix  and  Hobbs*  in  the  case  of  allanite  and  epidote  in- 
tergrowths.     Apatite  is  present  in  a  few  crystals, 

Sp.  13.  Biotite-gneiss,  does  not  differ  from  No.  12  ex- 
cept in  that  it  is  a  trifle  finer  grained  and  contains  rather 
more  muscovite.f 

Below  the  mill  there  are  outcrops  in  the  creek  under 
the  bridge  and  along  the  road  beyond  the  bridge  of  a 
pinkish  quartz-schist.  I  w?ts  not  sure  of  the  true  bedding. 

Sp.  14.  Quartz-schist, — This  quartz-schist  is  almost  ex- 
actly like  Sp.  9,  showing,  however,  a  greater  degree  of 
alteration.  The  muscovite  is  not  in  such  large  flakes  as 
in  the  last  specimen,  and  in  general  the  rock  is  somewhat 
coarser  grained. 

*  1.  c. 

tThe  augen-gneiss  (biotite-gneiss)  here  desribed,  numbers  10,  11, 12, 
and  13,  occupies  a  belt  four  or  five  miles  in  width,  that  may  be  fol- 
lowed from  the  vicinity  of  Auburn  northeastward  to  the  Chatta- 
hoochee river,  where  its  northern  boundary  is  a  little  north  of  Me- 
chanicsville,  and  its  southern  limit  to  the  south  of  Wacoochee  creek. 
In  all  this  belt  the  several  phases  in  the  atmospheric  decay  of  rock 
may  be  followed  out. 

In  one  stage  the  result  of  the  alteration  resenbles  very  strongly  a 

talcoid  mica  schist,  such  as  is  mentioned  by  Dr.  Clements ;  this   in 

turn  passes  into  a  purple  or  reddish  clays  somewhat  like  the  clays 

characteristic  of  the  Tuscaloosa  formation  of  the  Cretaceous. 
The  dolomite  and  quartzites  of  the  Chewacla  belt  occupy  a  place 

in  the  midst  of  these  gneisses,  the  dip  of  the  gneiss  being  in  both«di- 

rections  from  the  dolomite  belt  as  though  it  were  upon  an  anticlinal 
fold. 

Mr.  Brooks  has  aiso  described  specimens  of  the  same  rock  from 
the  same  locality,  Nob.  15  and  16.  E.  A.  S. 
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Lafayette  to  Oakbowery. 

Near  Mr.  Bledsoe's,  Sec.  35,  T.  22  N.,  R.  26  E.,  S.  W. 
of  Lafayette  on  the  road  to  Oakbowery ,  a  mass  of  rock 
is  exposed  striking  across  the  road. 

Sp.  15.  Diorite. — This  rock  is  dark  gray,  coarse  grained, 
and  imperfectly  schisto&e.  The  minerals  forming  it  are 
common  green  hornblende,  pyroxene,  feldspar,  sphene, 
epidote,  and'magnetite.  These  show  the  usual  charac-* 
ters  of  such  minerals.  The  amphibole  is#  perfectly  com- 
pact and- occurs  "in  grains  rather  than  in  crystals.  It 
shows  a  strong  pleochroism,  c.  deep  blue  green,  b.  yel- 
lowish green,  a.  yellow.  The  pyroxene  is  a  green  mala- 
colitic  pyroxene,  with  scarcely  noticeable  pleochroism 
from  light  green  to  a  slightly  yellowish  tinge  of  green. 
It  is  not  present  in  any  better  developed  forms  than  the 
amphibole.  It  is  found  in  parallel  intergrowths  with, 
and  also  included  in,  the  hornblende.  Along  the  edges  it 
is  in  places  seen  to  be  slightly  fibrous,  but  no  other  trace 
of  alteration  was  observed.  Careful  search  was  made 
for  evidence  of  the  secondary  nature  of  the  hornblende, 
that  is,  that  it  was  the  result  of  the  alteration  of  a  py- 
roxene, as  lias  been  so  frequently  described.  Its  rela- 
tions to  the  green  pyroxene,  including  it,  seem  to  favor 
the  idea  of  its  formation  from  it,  the  included  pyroxene 
grain  representing  an  unaltered  core.  No  proof  of  this 
could  be  found.  The  almost  perfect  freshness  of  the 
minerals  is  itself  against  it.  I  could  only  come  to  the 
conclusion  that  the  amphibole  and  pyroxene  are  both 
original. 

Both  plagioclase  and  orthoclase  are  present,  the  former 
predominating.  Neither  possesses  crystal  outlines, 
though  the  plagioclase  approaches  automorphism  most 
closely.  Quartz  is  present  in  very  small  quantity  in 
xeriomorphic  grains.  Sphene  is  present  in  numerous 
small  rhombs  included  iti  all  of  the  other  minerals.  Mag- 
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netite  occurs  in  a  few  rare  grains.  The  extinction  in  all 
of  the  minerals  is  sharp,  indicating  a  total  absence  of 
dynamic  action.  The  epidote  is  of  quite  a  different  char- 
acter from  what  has  usually  been  observed.  It  is  not 
found  in  crystals,  but  as  a  fringe  or  zone  between  the 
feldspar  and  hornblende.  This  fringe  is  not  composed, 
however,  solely  of  epidote,  as  is  the  case  in  the  zone  de- 
.  scribed  by  Williams,*  but  of  epidote  microp^gmatitically 
intergrown  with  a  clear  white  mineral  of  rather  low  sin- 
gle and  double^  re  fraction.  This  mineral  penetrates  the 
epidote  in  curving  rods,  which  branch,  giving  V  shaped 
forms,  and  have  in  cross  section  rounded  or  irregularly 
long  oval  outlines.  By  changing  the  focus  of  the  instru- 
ment the  rods  can  be  followed  as  they  curve  and  run  out 
without  any  break  to  join  the  feldspar,  to  which  they 
evidently  belong,  since  they  extinguish  with  the  feldspar. 
The  feldspar  forms  perhaps  one-third  of  the  entire  mass 
of  the  fringe.  The  epidote  has  in  hand  specimen  a  green 
color,  and  under  the  microscope  a  greenish  yellow  tinge 
without  marked  pleochroism.  It  has  the  high  single 
and  double  refraction  and  rough  surface  of  epidote,  but 
no  crystal  outline.  In  no  case  could  a  figure  be  obtained 
in  convergent  light,  probably  owing  to  interference  of 
the  intergrown  feldspar.  No  cleavage  was  observed.  In 
fact,  while  the  statement  has  been  made  that  the  mineral 
is  epidote,  no  absolute  proof  can  be  brought  forward  to 
show  that  it  is — no  separation  and  chemical  analyses  as 
yet  having  been  made  of  it.  The  contact  between  the 
epidote  and  hornblende  is  fairly  sharp.  The  epidote  is 
at  times  more  or  less  surrounded  by  hornblende,  but  the 
immediate  contact  line  is  sharp . 

A  case  like  this  was  figured  by  Hobbsf  from  a  gabbro 

*The  Gabbros  and  Associated  Hornblende  Rocks  of  Baltimore, 
Maryland,  G.  H.  Williams,  Bull.  28  U.  S.  Geol.  Sur.,  1886,  p.  32. 

tSome  Metamorphosed  Eruptives  of  Maryland,  by  Wm.  H.  Hobbs. 
Trans.  Wis.' Acad.  Sci.,  Arts  &  Letters,  Vol.  8,  1890,  Fig.  1,  p.  157. 
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diorite  from  Ilchester,  Maryland.  The  micropegmatitic 
intergrowth,  however,  is  not  mentioned  in  the  text,  and 
but  imperfectly  represented  in  the  figure.  Through  the 
kindness  of  Mr.  Hobbs  I  was  enabled  to  examine  the 
section  figured ,  and  was  thus  able  to  satisfy  myself  of 
the  similarity  of  the  two  occurrences,  the  one  from  Ala- 
bama being  a  much  more  perfect  case,  and  the  rock  in 
which  it  occurs  being  far  fresher  than  the  Maryland 
specimen.  In  the  article  referred  to  the  conclusion  seems 
to  be  that,  as  suggested  by  Prof.  Rosenbusch,  "the  min- 
eral is  amphibole  in  thin  scales,  the  high  colors  resulting 
from  intercalated  films  of  air."  This  explanation  could 
not  be  considered  at  all  for  the  Alabama  occurrence,  as 
the  mineral  is  seen  to  be  perfectly  compact  and  occupying 
the  entire  thickness  of  the  section.  However,  as  show- 
ing an  excuse  for  the  suggestion  of  the  hornblende  nature 
of  the  mineral,  it  may  be  mentioned  that  I  found  in  one 
case,  in  Sp.  15,  a  micropegmatitic  intergrowth  of  feldspar 
and  hornblende  on  the  edge  of  a  large  hornblende  crystal, 
which  bears  a  great  resemblance  in  certain  positions  to 
the  epidote.  As  soon,  however,  as  the  stage  was  revolved, 
the  marked  emphibole  pleochroism  became  apparent, 
and  agreed  perfectly  with  that  of  the  main  mass  of  the 
crystal,  and  the  cleavage  conld  be  followed  extending 
from  the  compact  jiiain  crystal  through  the  micro- 
pegmatitic portion.  Moreover  the  interference  colors 
are  not  so  high  as  are  those  of  the  epidote. 

In  the  cases  of  the  epidote  occurrences  cited  above  by 
Williams  and  Hobbs  (1.  c.) ,  they  have  been  explain^  as 
reactionary  rims  between  the  feldspar  and  hornblende . 
Both  rbcks  from  which  they  have  been  derived  have  been 
much  altered ,  and  have  clearly  been  derived  from  other 
rocks  by  dynamo-metamorphism.  The  one  I  have  before 
me  is,  as  above  stated,  perfectly  fresh.  Moreover,  it  has 
not  been  subjected  to  dynamic  action,  as  is  shown  by  the 
sharp  extinction  of  all  the  mineral  constituents.     The 
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position  of  the  epidote  proves  it  fco  be  dependent  far  its 
origin  upon  the  feldspar  and  hornblende.  No  evidence 
can  be  found  in  this  specimen  to  support  the  view  that 
the  fringe  was  secondarily  formed  by  a  reaction  between 
the  feldspar  and  hornblende  as  a  result  of  metamorphic 
action,  however,  for  the  rock  has  apparently  undergone 
no  such  metamorphism .  Since  there  is  an  absence  of 
proof  of  its  secondary  flature,  may  we  not,  with  some 
degree  of  probability  at  least,  consider  this  micropeg- 
matitic  epidote  fringe  to  be  due  to  a  somewhat  similar 
process  and  condition  as  that  existing  during  the  forma- 
tion of  the  well  known  micropegmatitic  .  intergrowth  so 
frequently  seen  around  feldspars  in  the  acid  porphyries, 
the  reaction  upon  each  other  of  the  feldspar  and  horn- 
blende molecules  remaining  uncrystallized  at  a  certain 
time  resulting  in  a  mineral  of  intermediate  composi- 
tion, the  epidote,  penetrated  by  the  fresh  clear  rods  of 
feldspar. 

At  the  foot  of  the  hili  just  before  reaching  Mr.  An- 
drews's house,  there  outcrops  on  the  right  of  the  road, 
forming  a  small  elevation,  a  coarsely  granular  rock, 
Sp.  17.  This  is  also  seen  on  the  opposite  side  of  the 
road  outcropping  in  several  small  knolls,  the-  general 
trend  of  "the  rock  mass  as  indicated  by  the  series  of 
knolls  being  S.  E.-N.  W.  Sp.  18  was  taken  from  one  of 
the  knolls  right  by  the  negro  cabin.  As  we  ascend  the 
hill  upon  which  Mr.  Andrews's  house  stands,  we  pass 
over  light  greenish,  rather  fine  grained  schist,  Sp.  15, 
with  schistosity  striking  S.  E.-N.  W.  It  is  cut  by  six 
dikes,  Sp.  19,  from  six  inches  to  fifteen  feet  in  width, 
which  are  very  much  altered,  and  now  consist  lot  the 
most  part  of  chlorite.  Prof.  Tuomey  says  of  the  expos- 
ures:* " Near  Mr.  Andrews's  house,  vast  and  rugged 
masses  of  hornblende  passing  into  soapstone  are  found 
protruding  above  the  surface  and  not  far  from  the  house 

*2d  Biennial  Report  of  the  State  Geologist,  1858,  p.  61. 
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a  trap  dyke  crosses  the  road,  with  which  I  found  asso- 
ciated magnetic  iron  but  not  in  great  quantity." 

Sp.  16,  Amphibolite  (Hornblende-schist) .— -This  is  a 
moderately  fine  grained  light  green  schistose  rock  com- 
posed of  common  greeji  hornblende,  with  magnetite  in- 
clusions in  small  quantity.  No  quartz  or  feldspar  is  pres- 
ent. The  amphibole  shows  moderately  strong  pleochro- 
ism  from  light  green  to  yellowish  white.  The  extinction 
is  sharp  and  the  angle  measured  against  the  prismatic 
cleavage  is  low,  the  maximum  of  several  measurements 
being  13  deg.  A  few  of  the  crystals  are  colorless  at  one 
end  and  green  at  thne  other.  Such  crystals  possess,  how- 
ever, the  same  optical  characters  throughout.  Where 
the  magnetite  occurs  it  is  always  fresh.  The  rock  in  no 
wise  indicates  the  manner  of  its  origin  or  from  what  de- 
rived. It  resembles  very  much  Sp.  28  and  29  from 
West  Point,  Ga. 

Cutting  this  schist  we  find,  as  first  stated,  Sp.  19, 
but  as  this  is  merely  an  altered  phase  of  Sp.  18  and  17, 
they  will  all  be  described  together  and  the  process  of 
alteration  traced  out.  Although  the  large  masses  from 
which  Sp.  17  and  18  were  taken  were-  not  observed  in 
contact  with  the  schist,  we  may  reasonably  conclude, 
from  the  fact  that  they  are  igneous  rocks,  and  the  same 
as  Sp.  19  which  does  cut  the  schist,  that  they  would  bear 
the  same  relations  to  it,  if  the  rock  was  sufficiently  ex- 
posed to  allow  the  relations  to  be  discovered. 

Sp.  17,  18  and  19.  Hornblende  Olivine  Rock  (Cort- 
landite)  . — This  is. a  coarse  grained  rock  with  dark  green 
color,  which  upon  weathering  is  covered  wfth  a  ferrugi- 
nous crust.     It  is  a  granular  aggregate  of  hornblende, 

olivine,  pleonaste,  an4  magnetite.  The  hornblende  dif- 
fers from  that  usually  found  in  such  rocks  in  that  it  is  a 
very  light  green,  so  that  in  thin  sections  it  appears  al- 
most colorless,  whereas  in  the  rocks  for  which  Williams* 

♦Peridotites  of  the  Cortland  Series,  by  G.  H.  Williams,  Am.  Journ. 
Sci.,iii,  vol.31,  1886,  p.  30 
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proposed  the  name  cortlandite  the  hornblende  was  the 
brown  strongly ,  pleqchroic  variety.  The  hornblende 
angle  and  other  characters  prevent  its  being  mistaken 
for  a  pyroxene.  It  is  present  in  partially  automorphic 
long  prismatic  individuals  and  is  quite  free  from  inclu- 
sions, only  in  a  few  cases  containing  magnetite  and 
minute  brownish  plates.  The  olivine  is  in  large  grains 
between  the  hornblende  crystals,  and  is  for  the  most 
part  altered  to  yellowish  serpentine .  Grains  of  unaltered 
fresh  olivine  still  remain  scattered  through  the  serpen- 
tine. It  contains  a  good  many  magnetite  inclusions  and 
also  grains  of  green  spinel.  The  fight  green  isotropic 
mineral  which  is  present  in  considerable  quantity  in 
irregular  grains  throughout  the  rock  is  a  spinel  and  is 
presumed  to  be  the  iron-magnesia  aluminate,  pleonaste. 
It  is  usually  associated  with  the  magnetite,  and  is  fre- 
quently seen  forming  a  narrow  rim  completely  or  par- 
tially encircling  it.  This  also  contains  numerous  small 
crystals  of  magnetite.  Magnetite  is  present  in  large 
crystals  scattered  through  the  rock,  besides  that  enclosed 
in  the  other  minerals.  The  secondary  products  are  ser- 
pentine, chlorite,  and  calcite.  The  amphibole  alters 
along  cleavage  lines  and  fractures  to  serpentine,  and  in 
places  also  to  a  chloritic  mineral  which  is  light  green 
for  the  ray  vibrating  parallel  to  the  cleavage,  and  yellow 
perpendicular  thereto.  The  olivine  alters  to  the  char- 
acteristic serpentine  with  mesh  structure. 

Of  considerable  interest  is  the  alteration  which  the 
green  spinel  undergoes.  It  shows  in  places  an  imperfect 
octahedral  cleavage.  Along  these  and  fracture  lines  and 
around  the  edges  it  slightly  alters  to  a  white  to  brownish 
yellow  substance  in  which  still  remain  the  magnetite 
crystals  which  are  included  in  the  fresh  mineral.  This 
substance  by  high  power  appears  in  places  somewhat 
fibrous  and  seems  to  have  at  times  a  low  polarization 
color  and  at  others  to  be  isotropic.      The  doubly  refract- 
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ing  portion  is  presumed  to  be  serpentine,  a  product 
which  might  readily  be  formed  from  such  a  ferro-mag- 
nesian  alumniate.  The  isotropic  portion  is  not  deter- 
minable.  So  far  as  I  can  learn,  no  such  alteration  has 
ever  been  described  for  pleonaste  in  any  rock.  The 
spinels  are  usually  described  as  perfectly  fresh  in  all 
rocks  in  which  thev 'occur.  It  is  one  of  the  most  resist- 
ant  of  minerals,  and  in  such  rocks  remains  perfectly  fresh 
after  the  other  minerals  have  altered,  Here,  however, 
we  have  it  beginning  to  alter,  even  before  the  olivine 
has  completely  disappeared.  Moreover,  in  Sp.  19,  the 
most  altered  phase  of  the  rock,  the  spinel  is  quite  fresh. 
It  would  appear  to  be  due  perhaps  to  some  special  cause 
acting  in  the  largerjdike  alone,  The  alteration  is  best 
seen  in  Sp.  17,  and  there  I  believe  no  one  can  be  in 
doubt  as  to  its  being  a  true  alteration.  In  Sp.  18  it  is 
not  quite  so  far  advanced.  Shepard  mentions  a  partial 
pseadomorph  of  steatite  after  a  green  spinel,  containing 
chromium,  from  N.  Carolina.* 

Sp.  20.  Amphibolite  (Hornblende-schist).  Immedi- 
ately after  crossing  the  first  large  brook  beyond  Mr.  An- 
drews's I  collected  a  specimen  from  a  rock  outcropping 
in  a  small  mass  to  the  right  of  the  road.  Could  get  no 
good  strike  of  schistosity.  The  rock  is  green,  schistose, 
and  medium  grained.  Under  the  microscope  it  is  seen 
to  be  identical  in  character  in  fresh  condition  with  the 
preceding  amphibolite,  Sp.  16.  As  it  begins  to  alter, 
however,  there  is  a  change  in  the  character  of  the  rock. 
The  amphibolite  begins  to  bleach,  the  bleaching  begin- 
ning along  the  edges.  As  a  result  of  this  bleaching  we 
have  an  amphibole  formed  which  is  very  much  lighter 
in  character  than  the  original,  and  occurs  not  in  com- 
pact masses  but  in  more  or  less  fibrous  crystals  witji 
green  color.     It  shows  very  slight  or  no  pleochroism  and 

#C.  U.  Shepard:  Corundum  of  N.  Carolina  and  Georgia.  Am,  J.  Sci. 
IV.  113,  1872. 


158  GEOLOGICAL  SURVEY  OF  ALABAMA. 

possesses  the  characters  of  actinolite.  Grains  of  calcite 
and  magnetite  are  observed  intermingled  with  this  sec- 
ondary amphibole,  and  are  looked  upon  as  products  of 
the  decomposition  of  the  common  hornblende.  The 
magnetite  has  collected  in  aggregates  of  varying  size, 
and  is  usually  surrounded  by  the  actinolite,  mixed  with 
grains  of  calcite. 

At  Mr.  Joel  Harris's  Sec.  4  or  9,  T.  20  N.,  R.  26  E.,  I 
collected  Sp,  21  from  the  brow  of  the  hill  back  of  the 

house. 

• 

Sp.  21.  Diovite.  This  is  a  black  schistose  rock, which 
upon  examination  proves  to  be  diorite.  The  hornblende 
is  the  common  compact  green  variety,  strongly  pleo- 
chroic,  c.  bluish  green,  6.  yellowish  green,  a.  light 
yellow,  and  occurring  in  thick  forms  approaching  grains. 
If  has  all  the  appearance  of  an  original  constituent.  The 
feldspar,  which  is  a  plagioclase,  is  without  cry  stall  o- 
graphic  contours.  This  is  accompanied  by  a  few  un- 
striated  grains  supposed  to  be  orthoclase.  All  of  the 
feldspar  is  very  fresh,  showing  in  a  few  cases  beginning 
cloudiness.  Very  little  quartz  is  present.  Epidote  is 
found  in  a  number  of  large  crystals.  Of  all  the  minerals 
it  has  the  best  crystallographic  outlines,  in  every  case 
one  or  more  crystal  faces  being  developed.  Some  mag- 
netite is  present  included  in  all  other  minerals. 

Sp.  22.  Diorite,  From  large  boulders  in  situ  in  Mr. 
Joel  Harris'  pasture!  This  is  the  same  as  above  except 
that  the  epidote  is  wanting.  The  extinction  in  both  of 
these  sections  is  sharp,  indicating  total  absence  of  oro- 
genic  pressure.  The  schistosity  is  given  to  them  by  the 
general  parallelism  of  the  hornblende  prisms,  causing 
the  rock  to  cleave  readily  in  a  certain  direction. 

Lafayette  to  B.  F.  Frazier's. 

Going  west  from  Lafayette  upon  the  Dudleyville  road 
we  pass,   just  before  crossing  the  large  branch  of  the 
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Hoodlethlocco  creek,  about  a  mile  from  town,  an  out- 
crop of  a  green  dioritic  rock  like  Sp.  15  and  21.  This 
is  weathered  to  a  depth  of  several  feet,  the  weathered 
product  being  a  yellowish  brown  porous  rock  through 
which  are  scattered  black  spots  of  limouite  and  in  some 
cases  glistening  grains  of  quartz.  This  alteration  pro- 
duct is  quite  common  along  the  road  from  Lafayette  to 
Oakbowery  and  to  Dudley  ville,  but  this  was  the  first 
time  it  was  seen  in  connection  with  even  a  fairly  fresh 
rock.  Usually  only  the  porous  brown  alteration  pro- 
duct remains.  Near  B.  F.  Frazier's,  the  old  Holloway 
place,  a  low  outcrop  of  quite  rotten  hornblende  olivine 
rock,  Sp.  23,  was  visited.  This  I  was  told  had  been 
used  for  making  mantels  in  a  few  cases  by  some  of  the 
people  living  there. 

Sp.  23.  Hornblende  Olivine  Rock  (Cortlandtite) .  This 
rock  is  of  a  dark  green  color,  coarse  grained,  with  the 
brown  colored  hornblende  appearing  in  large  porphyritic 
crystals,  each  surrounded  by  a  narrow  zone  of  lighter 
colored  mineral . 

Under  the  microscope  it  consists  chiefly  of  large  crys- 
tals of  hornblende,  grains  of  olivine  and  magnetite  as 
primary  minerals,  and  actinolite,  talc,  and  chlorite  as 
secondary  products.  The  hornblende,  in  large  plates, 
having  macroscopically  a  brownish  or  bronze  color, 
shows  microscopically  a  yellowish  to  yellowish  green 
tinge,  and  is  very  weakly  pleochroic.  It  contains  olivine 
and  magnetite  inclusions.  It  bleaches  around  the  edges 
and  forms  lighter  colored  green  amphibole.  The  altera- 
tion of  the  compact  hornblende  to  the  fibrous  actinolite 
is  very  beautifully  shown.  With  the  alteration  there 
follows  the  reduction  of  the  extinction  angle  from 
20^  in  the  large  plates  to  18°  in  the  fibrous  actinolite 
surrounding  it.  It  also  alters  to  talc.  The  olivine  is  in 
large  grains  and  contains  magnetite  and  also  some  horn- 
blende inclusions.     It  is  remarkably  fresh,  beginning  to 
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alter  along  the  edges  very  slightly.  The  magnetite  is  in 
considerable  quantity  in  grains,  and  is  included  by  all 
original  minerals.  As  can  be  readily  seen,  the  fibrous 
hornblende  is  formed  from  the  compact  variety.  There 
is  a  large  amount  of  this  present.  Talc  is  frequently 
found  surrounding  the  hornblende  and  in  the  large  plates 
also  penetrates  it  along  fissures.  Ih  the  fissures  it  con- 
tains magnetite,  just  as  the  serpentine  veins  in  olivine 
do,  and  appears  to  be  without  doubt  secondary  after  the 
hornblende.  There  is  a  large  amount  of  it  present  in  the 
rock.  Chlorite  is  found,  but  in  rather  small  quantity. 
Perhaps  this  is  the  rock  to  which  Tuomey  refers  when 
he  states  'that  about  seven  miles  west  of  Lafayette  a 

trap  dike  comes  to  the  surface/*  This  is  about  that 
distance  from  the  town,  but  I  strongly   suspect   that  he 

observed  some  of  the  dark  schistose  dioritic  rocks  like 
that  which  I  mentioned  above,  and  termed  it  a  dike,  as 
farther  on  he  speaks  of  this  dipping  to  the  southeast. 
The  rock  from  which  the  cortlandite  came  is  perfectly 
massive.  On  tl^e  same  page  he  speaks  of  the  same  se- 
ries of  rocks  outcropping  on  the  road  to  West  Point,  Ga. 
I  passed  the  brown,  rotton,  weathered  product  of  the 
diorites  outcropping  on  the  road  to  West  Point  also,  but 
but  no  massive  dike  rocks.  This  brown  alteration  pro- 
duct is  quite  common  around  Lafayette. 

West  Point,  Ga. 

While  waiting  for  a  train  here  I  visited  a  place  where  r 
according  to  Tuomey, f  as  near  as  . I  could  judge  from 
the  location  given ,  an  interesting  trap  dike  was  to  be 
seen.  I  collected  several  specimens  of  the  rock  outcrop- 
ping, and  it  may  be  well  to  describe  the  section,  as  the 

tSecond  Biennial  Report  of  the  State  Geologist  of  Alabama,  1858, 
p.  63.  . 

•Second  Biennial  Report  of  the  State  Geologist  of  Alabama,  1858, 
p.  63. 
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same  rock  will  probably  be  traced  over  into  the  Alabama 
territory. 

In  the  first  deep  railroad  cut  on  the  east  side  of  the 
Chattahoochee  river  there  is  an  excellent  exposure  of 
crystalline  rocks.  They  possess  a  certain  degree  of 
schistosity,  the  strike  of  which  is  uniformly  NE-SW  and 
the  dip  to  the  NW  60°.  The  rocks  are  very  much  alter- 
ed, though  some  specimens  were  obtained  which  were 
quite  fresh. 

Sp.  24.  Diorite.  This  is  an  especially  coarse  grained 
rock,  and  under  the  microscope  is  seen  to  be  composed 
of  common  green  hornblende  and  plagioclase,  with 
small  amounts  oim prthoclase,  quartz,  and  magnetite. 
The  minerals  are  xenomorphic,  but  the  plagioclase 
seems  to  approach  nearer  to  being  automorphic  than  any 
of  the  rest. ' 

Sp.  25.  Diorite.  This  is  a  trifle  finer  grained  than  the 
preceding  and  is  composed  of  the  same  common  green 
hornblende,  plagioclase,  very  little  orthoclase  and 
quartz,  considerable  apatite  in  round  grains,  and  some 
.pink  garnet  and  also  magnetite.  The  garnet  is  automor- 
phic. None  of  the  other  minerals  show  crystallographic 
boundaries.  The  minerals  are  very  fresh  under  the  mi- 
croscope. The  magnetite  is  beginning  to  alter,  and  col- 
ors the  adjacent  minerals  with  yellowish  brown  iron 
hydroxide . 

Sp.  26  represents  an  advanced  stage  of  alteration  of 
rocks  similar  to  25,  but  containing  a  good  deal  of  quartz, 
the  only  mineral  now  remaining.  Otherwise  it  is  a 
mere  network  of  isotropic  brown  iron  hydroxide. 

Sp.  27  is  the  most  advanced  stage  of  similar  rock.  No 

mineral  is  seen  at  all  in  this,  the  quartz  having  failed  in 

the  original  or  else  having  been  washed  out,  leaving 

.  merely  the  porous  clayey  ochreous  mass. 
•   li 
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Sp.  28.  Amphibolite  (Hornblende-schist). — To  the  east 
of  the  coarse  diorites  there  is  exposed  for  nearly  150  feet 
a  rock  which  is  without  stratification  or  marked  schis- 
tosity.  It  is  found  mostly  in  irregular  blocks  separated 
by  a  sandy  decomposition  product.  The  rock  itself  has 
a  rough'  sandy  feeling.  It  is  light  green  in  color  with  a 
tinge  of  yellow.  Under  the  microscope  the  rock  is  found 
to  be  made  up  of  common  green  hornblende  in  irregular 
grains  and  prismatic  crystals,  and  a  monoclinic  am  phi- 
bole,  colorless  in  thin  section,  which  at  times  is  inter- 
grown  with  hornblende.  A  few  grains  of  quartz  were 
observed  between  the  amphiboles.  The  rock  is  very 
fresh,  and  the  decomposition,  seems m to  be  merely  a  loos- 
ening of  the  grains,  which  allows  the  hornblende  crys- 
tals to  fall  apart  very  readily.  The  two  sections  are  very 
thick.  It  wouid  be  interesting  to  find  out' the  relations 
of  this  rock  to  the  rocks  represented  by  Sp.  29  and  30, 
and  thus  determine  its  origin.  I  am  unable  to  tell  from 
the  sections  how  the  rock  originated. 

There  occur  interesting  rocks.  Sp.  29  and  30,  exposed 
in  numerous  blocks  on  the  surface  above  the  railroad 
cut  but  nofc  outcropping  in  the  cut  itself.  These  blocks 
are  scattered  along  a  ridge  having  its  long  direction 
extending  approximately  north-east  and  south-west. 

Sp.  29.  Augite  Norite  or  Hyperite. — This  is  an  exceed- 
ingly tough,  medium  grained  green  rock,  which  under 
the  microscope  has  as  constituents  hypersthene,  augite, 
hornblende,  plagioclase,  and  magnetite.  Hypersthene 
is  in  larger  proportion  than  any  other  mineral  and  is 
present  in  short  prismatic  individuals  without  terminal 
faces.  It  is  colored  quite  deeply  and  shows  its  charac- 
teristic pleochroism,  a.  red,  b.  yellowish  red,  c,  green. 
Some  but  not  all  the  crystals  contain  the  reddish  brown 
platy  inclusions  which  are  so  frequently  found  in  hypers- 
thene. Fibrous  green  diallage  is  present  in  about  equal 
quantity  with  the  hypersthene.     It  is  xenomorphic,  and 
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some  of  its  crystals  contain  brown  inclusions.  It  may 
be  easily  distinguished  from  the  hypersthene  by  its  high 
extinction  angle  and  lack  of  pleochroism.  Both  the 
hypersthene  and  diallage  have  a  mottled  appearance  be- 
tween crossed  nicols.  This  is  especially  marked  in  the^ 
diallage.  It  is  seen  to  be  due  to  included  microlites  with 
light  green  tinge,  which  from  their  high  extinction  angle 
are  supposed  to  be  some  pyroxene  mineral.  Owing  to 
the  great  thickness  of  the  slide  and  strong  color  of  the 
enclosing  mineral,  the  difficulty  of  determining  the  mi- 
crolites is  greatly  increased. 

Hornblende  is  present  in  very  small  quantity.  It  oc- 
curs in  a  partial  rim  around  the  pyroxene.  It  is  light 
green  in  color,  compact,  and  apparently  an  original  min- 
eral. The  plagioclase  is  found  in  very  small  quantity 
and  forms  xenomorphic  grains  filling  in  the  angles.  In 
a  few  places  larger  plates  of  it  enclose  the  hypersthene 
individuals,  giving  a  poikilitic  structure.  It  also  con- 
tains numerous  light  greenish  undeterminable  microlites. 
No  iron  ores  are  present;  all  of  the  iron  present  in  the 
original  magma  having  apparently  been  used  in  coloring 
the  various  minerals.  All  of  the  minerals  are  very 
fresh .  The  structure  of  the  rock  is  granular.  The  above 
described  rock  bears  remarkable  resemblance  to  some  of 

those  described  by  Williams*  from  the  Cortlandt  series 
of  New  York. 

Sp.  30.  Pyroxene  Hornblende  Rock. — Macroscopically 
this  is  quite  similar  to  the  preceding,  but  one*can  read- 
ily see  that  there  is  a  larger  proportion  of  the  light  green 
hornblende  present.  The  components  of  the  rock  are 
hornblende,  augite  land  magnetite.  The  hornblende  is 
in  zenomorphic  individuals,  is  compact,  and  is  a  light 
green  variety  of  the  common  hornblende.  It  is  original. 
The  augite  occurs  in  large  plates  enclosing  small  horn- 
blende individuals.     It  is  also  compact,  of  a  pink  color, 

•Atn.  Joum.  Sci.,  iii,  Vol.  33,  1887,  p.  193. 
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and  with  very  slight  pleochroism.  Both  the  pyroxene 
and  hornblende  contain  numerous  inclusions  of  mag- 
netite. In  addition  to  these  inclusions  the  magnetite 
also  occurs  in  large  crystals  scattered  through  the  rock. 
No  feldspathic  mineral  is  present,  and  the  structure  is 
granular.  This  is  a  peculiar  facies  probably  of  the  same 
magma  from  wnich  the  norite  is  separated,  as  would  ap- 
pear from  their  intimate  association. 

4 

These  are  exceedingly  tough  rocks,  forming  apparently 
the  ridge  extending  north-east  from  the  railroad  cut. 
Along  this  ridge  these  boulders  are  found  scattered  in 
intimate  association,  though  the  relations  of  the  one  to 

the  other  could  not  be  observed.  There  are  several  pits 
which  have  been  sunk  in  search  of  copper  at  various 
points  on  the  ridge,  and  it  was  probably  from  one  of 
these  that  Tuomey  collected  the  serpentine,  Sp.  31.  The 
sides  of  the  pits  have  now  caved  in,  or  else  have  been 
otherwise  filled  with  debris. 

Sp.  31.  Serpentine. — Macroscopically  the  rock*  is 
greenish  brown  and  very  dense.  Under  the  microscope 
it  is  so  completely  altered  that  a  spinel  and  magnetite 
are  the  only  original  minerals  left.  Some  secondary 
calcite  is  present  and'also  a  chlorite  mineral.  The  spinel 
is  not  as  green  as  that  described  from  the  Cortland tites, 
but  has  a  decided  brownish  tinge,  and  is  probably  quite 
close  to  picotite .  I  am  unable  to  tell  from  the  rock  what 
might  have  been  the  constituents  of  which  it  was  orig- 
inally composed. 

The  ridge  formed  by  the  norite  and  pyroxene-amphi- 
•  bole  rock  was  followed  for  three-fourths  of  a  mile  and 
then  died  out.  I  continued  on  to  the  river  hoping  to 
find  these  rocks  outcropping  in  the  banks  or  bed,  but 
did  not  find  them.  The  river  where  I  touched  it  was 
being  channeled  and  jettied,  and  the  blasting  had 
brought  fresh  rock  from  the  river  bed  to  the  surf  acq .  A 
couple  of  specimens,  32  and  33,  were  taken. 
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Sp.  32.  Biotite  Hornblende  Gneiss. — This  is  a  medium 
grained  gray  well  laminated  rock .  The  micaceous  bands 
give  it  its  marked  gneissoid  structure.  It  is  composed 
of  common  green  hornblende,  which  predominates,  brown 
biotite,  pleochroic  from  an  almost  opaque  chocolate 
brown  to  pale  yellow,  plagioclase,  doubtfully  orthoclase, 
quartz,  sphene,  pleochroic  from  yellow  to  pink,  apatite, 
zoisite,  and  magnetite.  Calcite  is  present  in  grains  and 
has  not  the  appearance  of  an  infiltration  or  secondary 
product.  All  of  the  above  minerals  show  their  common 
characters.  Undulatory  extinction  and  bent  twinning 
lamellae  were  common . 

Sp.  33.  Diorite. — This  is  a  medium  grained  black  rock 
with  granular  structure.  It  is  composed  of  hornblende, 
biotite,  plagioclase,  orthoclase,  quartz,  spene,  and  mag- 
netite. The  hornblende  is  dark  green,  compact,  and 
strongly  pleochroic. '  It  occurs  in  grains.  Biotite  forms 
regular  plates  with  strong  absorption  from  yellow  for 
rays  vibrating  parallel  to  cleavage  to  chocolate  brown 
for  those  perpendicular  thereto.  It  is  not  present  in 
very  large  quantity.  Plagioclase  is  the  prevailing  white 
silicate.  It  is  xenomorphic  and  contains  numerous  min- 
ute plates  of  rounded  and  oval  shapes,  which  are  trans- 
parent with  a  brownish  color.  A  few  rare  unstriated 
feldspar  crystals  (orthoclase)  were  observed.  Quartz  is 
present  in  a  few  grains.  Sphene  is  scarce.  There  is 
quite  a  good  deal  of  magnetite. 

Sp.  34.  Amphibolite  (Hornblende-schist.) — This  slide 
was  cut  from  a  specimen  which  was  labelled  by  Tuomey 
as  having  come  from  West  Point,  Ga.  It  was  found  in 
the  University  collection  at  Tuscaloosa.  It  is  a  coarse 
grained  schistose  rock.  The  microscope  shows  no  con- 
stituents but  a  very  fresh  compact  common  g  reen  horn- 
blende in  large  prismatic  crystals. 

Conclusions. — In  the  preceding^pages  I  have  described 
a  series  of  rocks  consisting  of  sedimentary  and^igneous 
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rocks  and  also  certain  schistose  crystalline  rocks  whoso 
origin  is  unknown,  and  which  are  usually   included  un- 
der the  general  name  crystalline  schists. 
Sedimentaries : 

Spec.  9,  Quartz  schist. 
"     14     "  ". 

Eruptives : 

Spec.  2,  Biotite  granite. 

"      3,     "  "        (gneissoid.)  . 

"      5,  Leucite  tephrite. 

"      6,  Biotite  granite. 

"      8,  Diabase. 

"      10,  11,  12,  13,  Biotite  gneiss  (metamorphosed 

granite.) 
"  15,  Diorite. 
"      17,   18,  19,    Hornblende    Olivine   Rock   (Cort- 

landtite.) 
11  21,  Diorite. 
•'      22 s  Diorite. 

"      23,  Hornblende  Olivine  Rock  (Cortlandtite.) 
"      24,  Diorite. 

25,  Diorite. 

26  and  27,  Alteration  products  of  Diorite. 

29,  Augite  Norite. 

30,  Hornblende  Pvroxene  Rock. 
"      31,  Serpentine. 

"      33,  Diorite. 
Crystalline.  Schists . 
Spec.  16,  Amphibolite. 
"     20, 

"     32,  Biotite  gneiss. 
"     34,  Amphibolite. 
Of  these  the  sedimentaries   are  comparatively  unim- 
portant, their  relations  not  having  been  observed. 

The  igneous  rocks  are  the  most  numerously  represented, 
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and  are  by  far  the  most  interesting.  Individually  Sp. 
18  is  worthy  of  notice  on  account  of  the  alteration  of  the 
green  spinel,  pleonaste,  this  being,  as  far  as  I  can  learn, 
the  first  rock  in  which  such  an  alteration  has  been  ob- 
served. In  this  connection  attention  may  be  called  to 
the  fact  that  the  iron  ore  and  emery  segregation  veins  of 
the  Cortlandt  series,*  which  contain  large  amounts  of 
pleonaste  according  to  Williams,!  occur  in  rocks  related 
to  this. 

A  spinel  occurring  with  corundum  in  association  with 
serpentine  rocks  has  been  reported  from  Dudleyville, 
Ala.,  a  locality  not  very  far  distant  from  the  point  where 
the  Cortlandtite  is  found .  May  not  this  be  an  occur- 
rence similar  to  the  iron  ore,  emery  and  spinel  associa- 
tion from  the  "Cortlandt  Series?" 

Sp.  29,  as  an  excellent  type  of  augite  norite,  and 
Sp.  1£),  in  which  the  micropegmatitic  intergrowth  of 
epidote  and  feldspar  is  to  be  seen,  are  also  interesting. 
Sp.  10,  11,  12,  13  are 'remarkably  fine  examples  of  a 
dynamo-metamorphosed  rock . 

The  general  assemblage  of  eruptive  rocks  bears  a  strik- 
ing resemblance  to  certain  types  described  from  the 
Cortlandt  area  of  Westchester  county,  N.  Y.,  and  from 
Baltimore,  Md.,  by  Williams,!  from  Delaware  by  Ches- 
ter,! and  from  Ilchester,  Md.,  by  Hobbs||. 

They   are   also   closely   related   to  the  peridotites  de- 


*Dana,  Am.  J.  Sci.  XX,  1880,  pp.  109-200. 

tNorites  of  the  "Cortlandt  series. "    Am.  J.  Sci.  33,  1887,  p.  194. 
Uber  Pleonaste  and  Hercynite.    N.  Jahrb.  II,  1887,  p.  263. 

iCortland  Series.  Am.  Journ.  Sci.  iii,  vol.  31,  1886,  pp.  26-41;  vol. 
33,  1887,  pp.  135-200:  vol.  35,  1888,  pp.  438-448. 

$Gabbros  and  Associated  Rocks  in  Delaware.    Bull:  28,  U.  S.  G.  S., 
1890. 

HSome  Metamorphosed  Eruptives  in  the  Crystalline  Hocks  of  Mary- 
land.   Trans.  Wis.  Acad.  Sci.,  Arts  &  Letters,  vol.  8,  1890,  pp. 
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scribed  from  North  Carolina  by  Julien,*  Wadsworth.f 
and  Williams  4  and  from  Kentucky  by  Diller.§  The 
distribution  of  such  rocks  is  thus  shown  from  the  ex- 
treme south-east  extension  of  the  Appalachian  system  in 
Alabama  almost  throughout  its  entire  length.  It  is 
highly  probable  that  further  researches  in  the  region 
from  which  the  above  specimens  were  gathered  will  dis- 
close another  such  beautiful  case  of  magmatic  differenti- 
ation as  was  described  from  the  Cortlandt  series  by  Wil- 
liams, ||  and  of  metamorphism  of  the  gabbros  and  diorites 
as'  illustrated  in  the  papers  of  Williams,  Chester  and 
Hobbs,  above  referred  to. 

I  have  left  with  the  igneous  rocks  a  few  specimens,  4, 
6,  7,  10,  11,  12  and  13,  whose  schistose  condition  alone 
would  cause  them  to  be  placed  in  the  succeeding  cate- 
gory of  crystalline  schists,  but  which  after  microscopical 
study  seemed  to  me  to  be  of  eruptive  origin.  It  would 
perhaps  have  been  well  to  have  placed  Sp.  15,  21,  22, 
24,  25  and  33  under  the  crystalline  schists  as  plagioclase 
amphibolites.  They,  however,  bear  such  a  striking  re- 
semblance to  similar  rocks,  .which  after  a  careful  and 
very  detailed  study  of  their  field  relations,  have  been 
proved  to  be  diorites,  that  I  have  retained  them  among 
the  eruptive  rocks. 

The  crystalline  schists  include  those  which  are  mark- 
edly schistose  and  whose  origin  is  entirely  unknown . 
They  were  found  associated  with  and  cut  by  the  igneous 
rocks.  Future  studies  may  show  them  to  be  meta- 
morphosed phases  of  some  of  the  eruptives. 


*Proc.  Boston  Soc.  Nat.  Hist.,  vol. 

tOlivine  Rocks  of  North  Carolina.  Science,  vol.  3,  No.  63,  1884, 
p.  486. 

fThe  Non-feldspathic  Intrusive  Rocks  of  Maryland  and  the  Course 
of  their  Alteration.    Am.  Geol.,  vol.  6, 1890,  p.  44. 

$Peridotite  from  Elliot  county,  Ky.  Am.  Journ.  Sci.,  iii,  vol.  31. 
1886,  p.  121 :  Bull.  U.  S.  G.  S.,  No.  38,  1887. 

Ill-  c. 
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Taking  the  rocks  as  a  whole,  disregarding  the  quartz- 
schist,  their  general  characters  are  those  of  that  great 
mass  of  rocks  which  lies  below  all  beds  of  undoubted 
sedimentary  origin,  and  which  are  known  as  the 
Archaean  rocks. 
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Supplementary   Notes   of  Dr.    Clements. 

In  the  summer  of  1894,  I  collected  from  the  vicinity 
of  Gold  Hill ,  in  Lee  county,  and  from  a  railroad  cut  near 
Dadeville,  specimens  of  eruptive  rocks  which  were  sub- 
mitted to  Dr.  Clements  for  examination.  His  report  is 
as  follows : 

"No.  1.  (35)  From  near  Gold  Hill,  Lee  county. 
This  is  a  very  fresh  specimen  of  a  typical  Olivine-diabase. 
Fine  grained.  The  mineral  constituents  given  in  order 
of  age  are,  apatite,  triclinic  feldspar  (anorthite) ,  oliv- 
ine, magnetite,  augite.  Feldspar  and  augite  predomi- 
nate, then  comes  magnetite  with  very  little  olivine  and 
apatite.  The  triclinic  feldspar  is  anorthite  and  occurs 
in  long  lath-shaped  individuals  showing  polysynthetic 
twinning.  It  is  for  the  most  part  quite  fresh.  Begin- 
ning decomposition  makes  the  plates  appear  somewhat 
dull.  In  a  more  advanced  state  these  dull  spots  are  seen 
to  be  made  up  of  minute  grains  of  epidote.  The  augite 
is  in  very  light  brownish  grains  and  wedge-shaped  pieces 
which  lie  between  the  feldspar  individuals,  as  a  cement, 
and  from  them  have  received  their  outlines.  The  char- 
acterise cleavage  angle  is  well  marked.  Augite  is  very 
fresh.  Magnetite  appears  in  irregular  individuals  with 
only  one  or  two  crystal  faces  developed,  the  rest  of  its 
contours  being  determined  by  the  feldspar  crystals 
touching  it.  Olivine  is  present  in  only  one  large  crys- 
tal. It  is  partially  altered,  serpentine  forming  around 
the  edges  and  along  the  cleavage  lines.  A  few  obscure 
greenish  spots  in  the  ground  mass  may  be  completely 
altered  olivines.  Apatite  is  scarce,  occurring  in  long 
needles  penetrating  the  other  minerals.  The  structure 
of  the  rock  is  typical  ophitic. 

No  2  (36).     From    railroad  cut  near  Dadeville.     Hy- 
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perstfwne-gabbro  with  a  great  deal  of  hornblende  and 
biotite ;  might  be  called  a  hypersihene-hornblende-biotite 
gabbro.     Coarse  grained,  granitic  structure. 

Hypersthene ,  the  most  characteristic  mineral,  occurs  in 
rounded  crystals  surrounded  by  a  border  of  compact 
green  hornblende.  Between  the  hypersthene  and  horn- 
blende there  is  frequently  a  zone  which  is  made  up  of 
the  hornblende  intergrown  with  a  white  mineral  of  very 
low  angle  and  double  refraction,  probably  feldspar. 
Hypersthene.  is  pleochroic,  from  pink  to  light  greenish 
tinge.  The  characteristic  brown  inclusions  are  present. 
It  is  very  fresh,  only  in  places  along  cleavage  lines  are 
there  traces  of  beginning  decomposition.  Diallage  is 
present  in  comparatively  small  quantity  and  is  surround- 
ed by  the  strong  ple6chroic  green  hornblende  just  as  the 
hypersthene  is.  Hornblende  occurs  in  a  few  large  plates 
in  the  section,  but  for  the  most  part  as  a  border,  varying 
very  much  in  width  around  the  pyroxene  crystals.  It 
is  very  pleochroid,  the  color  changing  from  light  yellow  • 
to  bluish  green  and  dark  olive  green.  It  contains  num- 
bers of  dark  interpositions,  different  from  those  in  the 
hypersthene,  in  the  form  of  rounded  plates  and  long 
needle3.  Some  of  the  apparent  needles  are  undoubtedly 
only  the  plates  on  edge.  For  the  most  part  they  are 
perfectly  opaque,  but  some  permit  a  little  light  to  pass 
through  and  are  of  a  dark  chocolate  brown.  The  char- 
acteristic hornblende  cleavage  is  frequently  seen.  It  in- 
cludes plates  of  biotite  and  large  crystals  of  apatite  and 
magnetite.  Biotite  appears  in  plates  with  its  customary 
strong  pleochroism,  straw  yellow  to  chocolate  brown, 
and  perfect  cleavage.  It  is  included  both  in  the  pyrox- 
ene and  hornblende.  Feldspar  forms  the  mass  of  the 
rock  and  appears  in  poly  synthetically  twinned  grains. 
It  is  the  basic  anorthite,  and  is  perfectly  fresh  and  clear. 
Magnetite   is   in   rounded   grains   and  is  included  in  the 
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other  minerals.  Apatite  occurs  quite  abundantly  and  in 
large  crystals  which  have  more  or  less  rounded  outlines. 
Feldspar,  hypersthene  and  hornblende  make  up  the  mass 
of  the  rock,  then  diallage,  biotite,  magnetite  and  apatite. 
The  structure  is  granitic,  and  the  specimen  is  remarka- 
bly fresh. 

.No.  3  (37)".  Hypersthene-homblende-biotite-gabbro. — 
Same  locality  as  the  preceding.  What  is  said  of  No.  2 
holds  good  for  No.  3,  except  that  the  latter  contains 
rather  more  diallage  in  proportion  to  the  other  constitu- 
ents and  also  more  biotite  and  apatite.  In  a  few  places 
the  feldspars  show  signs  of  deformation  in  bent  twinning 
lamellae.  This  is,  however,  apparently  only  local,  as  it 
is  seen  only  where  decomposition  has  begun,  and  may 
be  due  to  the  hydration  of  the  feldspar  exerting  pressure 
on  the  surrounding  crystals." 


In  the  following  notes  by  Dr.  Clements,  Nos.  38,  39, 
40  and  42,  descrie  the  chief  varieties  of  the  green  schists 
of  the  Hillabee  type.  Nos.  41  and  43  are  probably 
altered  sedimentary  rocks  ;  the  latter  is  of  some  interest 
for  the  reason  that  in  it  through  Clay  county  and  parts 
of  Coosa  many  years  ago  great  numbers  of  pits  have 
been  sunk  in  the  search  for  copper.  The  graphite 
seems  to  have  been  the  attraction,  and  the  prime  cause 
of  the  search.  I  am  not  aware  that  copper  has  been 
anjT where  found  in  it.  No.  41  is  a  sample  of  the  graph- 
itic schist  which  extend  through  Coosa  county  parallel 
with  the  course  of  Hatchet  creek  and  at  no  great  dis- 
tance therefrom  : 
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(38)  1.  Actinolite-epidote-schist.  From  McGhee's, 
Clay  Co. 

This  a  very  fine  grained  compact  grayish  green  schist, 
composed  of  epidote,  in  grains,  lying  in  a  fine  felt  of 
actinolite  needles,  with  here  and  there  a  lenticular  area 
of  quartz.  Nothing  in  it  gives  an  indication  of  the  ori- 
gin of  the  rock. 

(39)  2.     Sericite-schist.     From  McGhee's,   Clay   Co. 
This  is  macroscopically  a  light  dirty  yellow,  schistose 

rock,  with  silky  luster  upon  the  faces  parallel  to  the 
schistosity,  and  showing  on  traverse  fracture  a  well 
marked  "augen"  structure  on  a  small  scale,  a  dark  min- 
eral forming  the  center  of  the  eyes.  Under  the  micro- 
scope the  rock  is  seen  to  be  composed  of  thin  alternating 
bands  of  two  kinds,  one  of  which  is  composed  essentially 
of  cataclastic  quartz,  with  a  small  amount  of  unstriated 
feldspar,  the  other  of  sericite,  scattered  actinolite  needles, 
and  a  large  quantity  of  small  epidote  grains.  These 
sericitic  bands  show  a  very  noticeable  wavy  structure, 
and  extend  across  the  thin  section  in  ufcdulatory  lines, 
separating  here  and  there  to  wrap  around  the  horn- 
blende which  forms  the  eyes.  Upon  examination  these 
eyes  are  seen  to  be  made  up  of  a  number  of  fragments 
of  a  very  dark  green  hornblende.  The  fragments  in 
most,  if  not  all,  cases  belong  together,  showing  from  the 
manner  in  which  they  are  separated  the  crushing  which 
the  rock  has  suffered.  The  hornblende  is  compact  in  the 
center  and  cloudy  with  minute  dark  specks,  but  on  the 
edges  it  is  light  colored,  frayed  out  as  it  were,  and 
passes  over  into  aggregates  of  actinolite  and  epodite 
lying  in  quartz  cement.  As  we  go  away  from  these 
eyes  the  quartz  diminishes  in  quantity,  and  the  actino- 
lite also.  Sericite  begins  to  increase,  and  we  pass  over 
into  the  bands  consisting  of  sericite  and  epidote,  with  a 
few  needles  of  actinolite,  and  so  dense  that  the  quartz 
can  not  be  distinguished.     The  quartz  bands   have  scat- 
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tered  actinolite  needles  and  epidote  grains  in  them  here 
and  there,  and  also  a  few  flakes  of  sericite.  The  crushed 
character  of  the  hornblende  and  quartz  is  sufficient  evi- 
dence of  the  dynamo-metamorphic  action  to  which  the 
rock  has  been  exposed,  but  no  satisfactory  proof  of  its 
original  condition  could  be  found.  My  belief  is  that  it 
was  not  derived  from  a  clastic,  unless  it  was  itself  meta- 
morphosed,, but  was  derived  from  some  eruptive  rock. 

(40)  3.  Actinolite-epidote-zoisite-schist.  Chandler's 
Spring. 

Thisvis  a  quite  rotten,  fine  grained  gray  rock  macro- 
scopically.  Besides  the  actinolite,  epidote,  and  zoisite, 
it  contains  a  small  quantity  of  granular  quartz,  and  is 
badly  discolored  by  brownish  iron  hydroxide.  It  bears 
now  no  evidence  of  clastic  origin,  but  it  would  really  be 
impossible  to  say  from  what  it  was  derived,  whether 
from  an  eruptive  or  a  sedimentary. 

(41)  4.     Graphite-schist.    Ingraham's  Mill.  Clay  Co. 
This  appears  very  much  like  the  phyllites, exceedingly 

fine  grained  and  fissile.  It  consists  of  a  fine  grained 
granular  aggregate  of  quartz  and  feldspar,  with  rounded 
zircon  crystals  and  fragments  of  tourmaline  and  flakes 
of  sericite.  The  rock  is  rendered  quite  dark  by  innum- 
erable minute  needles  of  rutile  and  a  black  substance 
which  is  scattered  all  through  it,  occuring  in  specks 
without  any  determinable  form .  This  substance  has  a 
black  metallic  luster  in  incident  light,  disappears  when 
the  rock  is  heated  to  a  high  temperature,  and  was  de- 
termined to  be  graphite.  Part  of  the  rock  is  discolored 
by  brown  iron  hydroxide  derived  from  the  alteration  of 
ferruginous  carbonate,  which  occurs  in  well  developed 
rims  in  parts  of  the  rock.  If,  like  many  others,  you 
consider  the  presence  of  graphite  as  sufficient  evidence 
of  the  existence  of  living  organisms  from  which  it  was 
derived,  then  the  original  sedimentary  character  of  the 
rock  is  proven,   although  now  it  is   so   metamorphosed 
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that  it  contains  no  indications  (other  than  the  presence 
of  graphite)  of  its  origin. 

(42)  5.  Actinolite-schist .  Lecroix,  (Millerville,)  Clay 
county. 

Fine  grained  green  schist,  seen  under  the  microscope 
to  be  composed  of  actinolite,  epidote,  flakes  of  chloritic 
material,  and  sphene,  in  a  clear  granular  groundmassof 
clear  unstriated  feldspar  and  some  quartz.  The  granular 
aggregate  is  rendered  schistose  by  the  parallelism  of  the 
actinolite  needles  and  chlorite  flakes.  It  is  impossible 
to  determine  the  original  character  of  the  rock. 

(43)  6.  Graphitic  muscovite-schist.  J.  W.  House. 
Clay  Co. 

Macroscopically  the  rock  is  a  medium  grained  grayish- 
blue  schist,  showing  large  light  greenish  clumps  of  mus- 
covite.  Under  the  microscope  it  is  found  to  be  composed 
of  quartz,  muscovite,  and  graphite,  with  spots  of  white 
opaque  leucoxene-like  substance.  Cataclastic  structure 
is  very  plainly  shown  by  the  quartz.  If  the  graphite  is 
here,  as  in  No.  4,  to  be  considered  sufficient  evidence  of 
life,  it  is  probable  that  the  rock  is  of  sedimentary  origin, 
though  it  exhibits  now  no  sedimentary  character. 

(44)  7.  Mica-schist  (shistose  eruptive  rock).  Dar- 
sey  No.  4:  Coosa  Co.  A  dark  bluish-black  fine  grained 
more  or  less  schistose  rock.  Under  the  microscope  we 
find  a  few  eyes  of  grayish  and  altered  triclinic  feldspar, 
which  lie  in  a  fine  grained  cataclastic  groundmass  com- 
posed of  quartz  and  feldspar  mosaic — in  which  4  the 
quartz  predominates — with  flakes  of  brown  mica  and 
some  chlorite.  There  are  also  found  large  quantities  of 
sericite,  with  a  considerable  quantity  of  fairly  large 
crystals  of  epidote,  and  rare  ones  of  reddish  sphene. 
The  mica  and  epidote  are  present  in  large  quantities, 
aid  almost  obscure  the  clear  white  elements  of  the 
groundmass.  The  rock  is  clearly  at  present  in  a  very 
badly  mashed  condition,  and  was  probably  derived  from 
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an  acid,  granitic  eruptive. 

(45)  8.  Amphibolite  or  hornblende  schist.  Darsey 
No.  5.  Coosa  Co.  Dark  green  schistose  rock  made  up  of 
strongly  pleochroic,  common  green  hornblede  in  small 
partly  automorphic  crystals,  together  with  a  large  quan- 
tity of  magnetite  and  considerable  epidote,  in  a  granular 
groundmass  of  unstriated  feldspar,  with  some  quartz. 
The  hornblende  is  beginning  to  get  fibrous  along  the 
cracks  which  traverse  the  crystal  perpendicular  to  pris- 
matic cleavage.  The  rock  is  now  a  crystalline  schist,  of 
which  nothing  more  can  be  said  than  that  it  was  proba- 
bly derived  from  some  such  basic  eruptive  as  probably** 
gabbro . 


THE  ROCKS  OF  THE  GOLD  REGION.  177 


3.     PRELIMINARY    PETROGRAPHIC    NOTES    ON 

SOME  METAMORPHIC  ROCKS  FROM 

EASTERN  ALABAMA, 

BY 

ALFRED  H.  BROOKS, 

ASSISTANT   GEOLOGIST,    U.    S.    GEOLOGICAL    SURVEY. 


The  following  notes  are  the  results  of  a  brief  exami- 
nation of  some  twenty  specimens  which  were  submitted 
to  me  by  Dr.  Smith.  No  attempt  has  been  made  to  go 
into  minute  mineral ogical  details,  the  determination  of 
which  will  require  further  study.  The  naming  of  the 
rocks  is  only  tentative,  until  further  petrographic  in- 
vestigation and  chemical  analyses  shall  determine  their 
true  classification . 

The  metamorphic  rocks  of  Alabama  and  Georgia  may 
be  differentiated  into  two  series.  The  older,  or  crystal- 
line series,  includes  crystalline  schists  and  gneisses, 
whose  origin  is  doubtful,  together  with  large  masses  of 
gneissoid  granite.  The  younger,  or  clastic  series,  is 
typically  made  up  of  phyllites,  sericite  schists,  chlorite 
schists,  conglomerates,  usually  containing  much  felds- 
par, quartzites,  crystalline  sandstones,  and,  in  a  portion 
of  the  region,  limestones  and  marbles.  .  In  many  cases 
this  younger  clastic  series  has  been  so  metamorphosed 
that  it  is  difficult  to  distinguish  its  members  from  the 
older  crystalline  complex.  The  rocks  of  both  series  are 
closely  associated  with  rocks  of  undoubted  igneous 
origin. 

12 
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Iff.  some  portions  of  the  area  there  are  broad  belts  in 
which  the  country  rock  i!s  largely  igneous.  Such  a 
zone  of  igneous  rocks,  which  are  chiefly  basic,  extends 
through  the  northern  portion  of  Cobb  County,  through 
the  central  portion  of  Paulding  into  Carroll  County, 
Georgia.*  Another  area  of  igneous  rocks,  which  are  al- 
so chiefly  basic,  has  been  mapped  by  Mr.  Hayes  in  the 
southern  portion  of  Cleburne  County,  Alabama.!  The 
granites  associated  with  the  crystalline  schists  of  the 
basal  complex  have  already  been  mentioned. 

The  major  portion  of  the  igneous  rocks  of  the  two 
series  are  intrusive,  but  it  is  probable  that  further  in- 
vestigation will  prove  that  some  of  the  metamorphic 
schists  of  the  region  are  altered  effusive  rocks.  J  Most  of 
the  igneous  rocks  seem  to  have  been  intruded  previous 
to  the  deformation  of  the  associated  rocks,  for,  as  a  rule, 
they  give  evidence  of  having  suffered  extreme  dynamic 
metamorphism. 

CLASTIC  ROCKS. 

Among  the  twenty  specimens  submitted  to  me,  only 
one  rock  (No.  2)  showed  any  evidence  of  clastic  origin . 

No.  2.  (101a  and  101b)  Locality:  Blake  Mountain, 
3  to  4  miles  south  of  Arbacoochee,  Cleburne  County, 
Alabama. 

Siliceous-magnetite  schist.  Megascopically  this  is  a 
fine-grained  siliceous  rock  of  dark  blue  color.  It  is  ir- 
regularly  banded  by  alternating  layers  of  magnetite  and 
vitreotis  quartz.     Small  crystals  of  garnet  form   "knot- 

♦Un^ublished  Tallapoosa  and  Cartersville  folios. 

tSee  also  Geological  Map  of  Alabama,  published  in  18B4,  where  the 
area  is  also  shown.  E.  A.  S. 

$A  microscopic  examination  of  a  specimen  from  Owl  Creek,  2  miles 
south  of  Loyingood's  Bridge,  Cherokee  County,  Ga.,  shows  it  to  be 
on  acid  effusive  rock.  Prof.  Williams  described  a  porphyry  from  the 
"Archaean  Area  of  Georgia  near  Tennessee'  in  American  Journal  of 
Science.     Vol.  7,  No.  6,  p.  57,  July,  1893. 
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en"  on  the  cleavage  surface  of  the  schist.  A  rough  se- 
paration of  the  magnetite  and  quartz,  gave  about  equal 
volumes  of  each. 

A  microscopic  examination  confirms  the  above,  and 
proves  that  quartz  and  magnetite  are  the  essential  min- 
erals of  the  rock.  The  quartz  occurs)  as  a  fine  mosaic 
of  interlocking  grains.  Much  of  it  is  presumably  of 
clastic  origin.  Some  of  the  quartz  has,  what  is  appa- 
rently, an  inner  clastic  grain,  which  has  been  enlarged 
by  a  secondary  deposition  of  quartz,  oriented  in  optical 
•continuity  with  the  original  grain.  Secondary  quartz 
also  occurs  as  interstitial  deposits  between  the  original 
grains.  Magnetite  occurs  sparingly  as  octahedral  crys- 
tals, but  usually  as  irregular  masses  and  very  fine 
grains.  Magnetite  is  in  many  cases  included  in  the 
secondary  quartz  as  fine  grains.  Some  of  the  magnetite 
is  surrounded  by  a  zone  of  leucbxene,  which  suggests 
that  it  is  probably  titaniferous.  No  garnet6  were  ob- 
served in  the  thin  sections. 

This  rock  is  part  of  a  metamorphic  zone  which  has 
been  mapped  by  Dr.  C.  Willard  Hayes,  U.  S.  Geological 
Survey,  as  crossing  the  southeast  corner  of  the  Anniston 
sheet  near  Micaville.  *This  zone  consists  of  garnetifer- 
ous,  siliceous,  and  kyanite  schists,  and  Jis  probably  a 
part  of  the  younger  clastic  series,  t  The  metamorphism 
•  may  be  regional  but  the  proximity  of  large  intrusive 
masses  of  diorite  rocks,  suggests  a  local  cause. 


GNEISSES. 
Under  this  heading  I  have  grouped  the  rocks  which 


*I  am  indebted  to  Mr.  Hayes,  of  the  U.  8.  Geological  Survey,  for 
the  use  of  his  notes  on  the  unpublished  Anniston  and  Tallapoosa 
folios,  and  for  much  general  information  in  regard  to  this  region. 

+The  Geological  Map  of  the  State,  published  in  1894,  shows  with 
approximate  accuracy,  the  position  of  this  zone  which  is  part  of  the 
Talladega  slate  series.  E.  A.  S. 
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have  no  very  close  affinities  but  all  show  a  gneissoid 
structure. 

No.  1.  (100a  and  100b)  Locality  :  Country  rock  from 
Arbacoochee,  Cleburne  County,  Alabama.  Biotite-chlo- 
rite  gneiss.  Megascopically,  the  hand  specimen  sliofrs 
this  to  be  a  grey-green  colored  rock,  having  a  rather  in- 
distinct foliation.  The  foliation  is  produced  by  seams 
of  dark  green  minerals  which  are  mostly  chlorite  and 
biotite.  Quartz  and  feldspar  occur  in  irregular  masses, 
which  are  somewhat  elongated,  and  roughly  parallel. 

The  microscope  discloses  a  rock  made  up  of  feldspar 
(plagioclase?)  largely  replaced  by  secondary  minerals : 
quartz,  much  of  which  is  secondary ;  biotite  partly  al- 
tered to  chlorite  ;  a  few  scattered  grains  of  augite  :  epi- 
dote,  and  a  little  muscovite. 

Where  the  outline  of  the  feldspars  can  still  be  traced 
they  appear  as  tabular  idiomorphic  crystals.  Much  of 
the  feldspathic  material  is  replaced  by  quartz,  as  mo- 
saics of  interlocking  grains,  or  by  epidote  and  zoisite. 
Faint  traces  of  either  lamellar  twinning  or  Karlsbad 
twinning  can  usually  be  observed  in  the  altered  felds- 
par. Under  crossed  nicols  the  outline  of  the  original 
feldspar  is  often  entirely  lost,  for  there  is  a  gradual 
merging  into  the  groundmass.  In  some  cases  a  zone  of 
clear  fresh-looking  feldspathic  material  surrounds  the 
altered  feldspar  phenocryst.  This  outer  rim,  which 
must  be  a  secondary  enlargement,  shows  no  twinning 
and  is  probably  albite.  The  original  rock  seems  to  have 
contained  plagioclase  and  orthoclase  in  about  equal  pro- 
portions . 

Quartz  occurs  as  irregular  mosaic  patches  of  inter- 
locking grains,  which  are  probably  recrystallizations  of 
the  silica  of  single  quartz  individuals,  or  replacements 
of  feldspars. 

The  groundmass  consists  of  allotriomorphic  grains  of 
quartz  interwoven  by  irregular  stringers  of  biotite  and 
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chlorite.  Biotite  and  chlorite.also  occur  in  larger  mass- 
es, which  are  always  elongated  and  have  a  rough  paral- 
lelism, thus  giving  the  rock  its  foliated  structure.  Epi- 
dote  occurs  in  the  groundmass,  and  also  as  a  secondary 
mineral  after  plagioclase,  in  small  prisms.  The  zoisite, 
secondary  after  plagioclase,  occurs  as  very  fine  grains 
and  granular  aggregates.  This  rock  probably  belongs 
with  the  gneisses  of  the  basal  complex,  although  the 
typical' gneiss  differs  from  this  in  having  a  granular  in- 
stead of  a  porphyritic  structure. 

No.  14b.  (114a  and  114b)  Locality  :  1  mile  north  of 
West  Point,  Georgia,  in  Chambers  County,  Alabama. 

Biotite-gneiss :  Megascopically,  this  is.  a  gray  and 
white  banded  rock  ;  the  dark  bands  consisting  of  biotite 
and  a  ferro-magnesian  silicate,  and  the  light  bands,  of 
white  feldspar  and  glassy  quartz. 

A  microscopic  examination  shows  the  rock  to  consist 
essentially  of  quartz,  biotite,  feldspar,  and  hornblende. 
It  has  an  orignal  granular  structure,  with  a  secondary 
foliated  structure  .The  segregation  of  the  basic  minerals 
into  parallel  zones  gives  it  the  banded  appearance. 

The  quartz  and  feldspar  occur  in  allotriomorphic 
grains,  and  individuals.  Except  some  of  the  fine  quartz 
grains,  which  are  probably  secondary,  both  quartz  and 
feldspar  are  cataclastic.  All  of  the  feldspar  shows  poly- 
synthocic  twinning. 

Biotite  and  green  hornblende  are  present  in  about 
equal  proportions  and  are  closely  associated.  Biotite 
occurs  in  irregular  shreds  and  plates,  and  the  hornblende 
in  deformed  prismatic  crystals.  As  an  accessory  con- 
stituent there  are  present  a  few  grains  of  augite,  and 
considerable  brown  tourmaline  in  small  grains.  A  little 
chlorite  is  found  in  the  rock  as  a  secondary  mineral  after 
biotite. 

The  locality  of  this  specimen  is  so  isolated  that  a 
lithologic  correlation  can  be  of  little  valne.     It   bears  a 
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close  resemblance,  however,  to  the  specimens  of  gneiss 
which  were  collected  frorii  the  basal  complex  of  Cleburne 
County,  Alabama,  and  Carroll,  Cobb,  and  Cherokee 
Counties,  Georgia.  The  rock  in  question  (14b)  differs 
from  the  other  gneisses  in  respect  to  the  predominating 
ferro-magnesian  silicate.  In  this  specimen  from  Cham- 
bers County  (14b),  hornblende  is  very  plentiful,  while 
augite  is  only  an  accessory  mineral.  In  the  other 
gneisses,  from  the  region  farther  north,  augite  predomi- 
nates very  largely  over  hornblende. 

Nos.  15  and  16.  (115a,  115b,  116a,  116b.)  Locality  : 
Wright's  Mill,  near  Auburn,  Lee  County,  Alabama. 

Augen  Gneiss. — Megascopically  the  rock  consists  of  a. 
dark.groundmass  of  mica,  filled  with  augen  of  quartz 
and  feldspar.  The  augen  are  either  lenticular,  or  drawn 
out  to  thin  seams.  They  vary  from  two  inches  to  micro- 
scopic in  diameter. 

Microscopic  examination  shows  that  this  rock  contains 
quartz  and  feldspar,  as  minerals  forming  the  augen,  and 
biotite,  chlorite,  and  epidote  in  the  ground  mass. 

The  quartz,  where  it  is  not  completely  granulated, 
gives  wavy  extinction,  except  in  a  few  cases,  in  which  it 
seems  to  be  secondary.  The  feldspar  is  for  the  most 
part  plagioclase ,  but  a  few  large  phenocrysts  of  orthoclase, 
showing  Karlsbad  twinning,  were  also  observed.  Struc- 
turally the  augen  are  of  two  kinds.  First,  those  formed 
of  single  mineral  individuals ;  and  second,  those  formed 
of  an  aggregation  of  minerals.  The  extreme  mechanical 
deformation  that  this  rock  has  undergone,  is  well  shown 
by  the  granulations  and  alterations  to  which  the  augen 
have  been  subjected.  In  many  cases  the  phenocrysts  of 
-  feldspar  or  quartz,  have  been  granulated  on  opposite 
sides,  corresponding  to  the  direction  of  the  schistosity, 
and  the  material  thus  formed  has  been  drawn  out  into  a 
lenticular-shaped  mass,  with   the   solid   portion  of  the 
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minerals  as  a  nucleus.  In  other  cases  the  original  pheno- 
cryst  has  been  entirely  granulated,  and  the  material  thus 
formed  has  been  drawn  out  into  a  lenticular-shaped 
mass,  or  sometimes  even  into  a  mere  thread. 

In  many  cases  the  augen  are  not  phenocryst,  but  are 
probably  parts  of  the  original  rock,  which  have  been 
separated  by  the  lines  of  shearing,  now  marked  by  the 
groundmass  of  biotite  and  chlorite.  These  composite 
augen  have  the  same  lenticular  shape  and  granulated 
boundaries  as  the  simple  augen.  The  composite  augen 
have  a  holocrystalline  structure  and  are  composed  chiefly 
of  plagioclase  feldspar,  with  some  orthoclase  and  quartz, 
and  a  little  biotite  and  epidote.  It  is  possible  that  they 
are  not  fragments  of  the  original  rock,  but  are  the  results 
of  the  recrystallization  of  the  feldpathic  material,  of  sin- 
gle phenocrysts. 

The  groundmass  of  the  rock  consists  chiefly  of  biotite, 
which  has  been  greatly  squeezed,  and  bent  to  conform  to 
the  countour  of  the  augen.  A  little  chlorite  is  associated 
with  the  biotite.  Grains  of  epidote  are  scattered  through- 
out the  groundmass.  Small  lenticular  grains  of  quartz 
are  also  found  in  the  groundmass. 

As  in  the  case  of  the  last  described  specimen,  the  lo- 
cality of  this  rock  is  too  remote  from  that  at  which-  any 
other  material  was  collected,  to  make  a  lithologic  com- 
parison of  any  interest.  Before  its  mechanical  deforma- 
tion it  seems  to  have  been  a  basic  or  intermediate  por- 
phyritic  rock.  The  present  dark  silicates  of  the  rock  are 
probably  all  secondary,  and  afford  little  information  as 
to  its  original  mineralogical  composition.* 


IGNEOUS  ROCKS. 
The  rocks  of  the  metamorphic  area  of  Alabama,  and 


♦See  also  Dr.  Clements'  description  of  the  same  rock.        E.  A.  9. 
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the  adjacent  portions  of  Georgia,  have  been  exposed  to 
the  disintegrating  atmospheric  agencies  during  two 
periods  of  base  leveling,  and  are  therefore  deeply  weath- 
ered. The  petrographical  investigation  of  these  rocks  is 
attended  with  difficulties,  for  it  is  seldom  that  specimens 
can  be  secured  from  below  this  zone  of  weathering. 

Nearly  all  the  rocks  examined  by  me  from  this  region , 
contained  an  abnormally  high  percentage  of  quartz.  In 
many  cases  a  part  of  ohe  quartz  is  plainly  secondary, 
being  deposited  subsequent  to  the  deformation  of  the 
rock  ;  while  in  other  cases,  the  existence  of  two  genera- 
tions of  quartz  seemed  probable,  though  positive  evidence 
was  wanting.  The  source  of  the  silica  of  the  secondary 
quartz  can  usually  be  traced  to  the  breaking  down  of  the 
silicates  of  the  feldspars,  but  in  some  instances  it  seems 
to  have  been  derived  from  infiltrating  solutions.  In  the 
basic  rocks,  secondary  quartz  is  frequently  accompanied 
by  calcite.  The  kaolinization  of  the  feldspars  and  chlo- 
ritization  of  the  dark  silicates  are  among  the  most  fre- 
quent observed  phenomena,  accompanying  the  weather- 
ing of  these  rocks. 

Besides  these  superficial  alterations,  many  of  the 
igneous  rocks  of  the  region  have  been  subjected  to  the 
metasomatic  and  paramorphic  changes  which  accom- 
panied the  mechanical  deformation  of  the  province.  A 
rock  which  has  suffered  these  various  phases  of  meta- 
morphism  is  frequently  entirely  altered,  both  as  to  chem- 
ical  composition,  and  physical  structure.  The  deter- 
mination and  classification  of  the  igneous  rocks  of  the 
region,  is  therefore,  a  difficult  problem. 


ACID  ROCKS. 

Granite  is  the  prevailing  type  of  acid  rock,  and  in  fact 
the  only  one  which  has  thus  far   been   definitely   deter- 
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mined.  Some  rocks  which  have  been  classed  as  granites 
may  prove  to  be  syenites,  their  quartz  being  secondary. 
There  are  also,  in  the  region,  some  aplite  dikes  which 
are  apophyses  from  larger  granite  masses. 

The  granites  have  two  distinct  phases,  between  which, 
however,  there  are  intermediate  types. 

The  more  acid  granite  is  made  up  of  quartz,  ortho- 
clase,  microcline,  muscovite,  and  biotite,  with  very  lit- 
tle lime  soda  feldspar,  together  with  accessory  minerals. 
The  more  basic  type  is  an  aggregate  of  quartz,  ortho- 
clase,  microcline,  with  considerable  plagioclase,  and 
biotite,  hornblende,  together  with  accessory  minerals.* 

Of  the  twenty  specimens  sent  by  Dr.  Smith,  fifteen 
were  classed  as  igneous  or  altered  igneous  rocks,  and  of 
these  only  one  is  an  acid  rock . 

No.  17.  (117a  and  117b).  Locality  :  3  miles  west  of 
Loachapoka,  Lee  County,  Alabama. 

Granite. — This  rock  shows  a  typical  granite  structure. 
Pink  feldspar,'  glassy  quartz,  and  biotite  can  be  distin- 
guished megascopically. 

Microscopically,  the  rock  has  granular  structure 
and  the  mineral  constituents  are  all  allotriomorphic. 
The  feldspars  are  chiefly  potash-feldspars,  both  ortho- 
clase  and  and  microcline  being  present.  The  orthoclase 
shows  no  twinning,  while  the  microcline  shows  the 
double  twinning,  giving  the  characteristic  cross  hatched 
structure.  A  'multiple  twinning  feldspar  which  is  pres- 
ent in  limited  quantities  is  probably  albite.  The  feld- 
spars when  not  too  much  decomposed  show  more  or  less 
cataclastic  structure. 

The  quartz  of  the  granite,  which  occurs  in  irregular 
masses,  is  much  fractured  and  gives  wavy   extinctions. 

•The  rock  from  Stone  .Mountain,  Georgia,  is  an  example  of  this 
granite.  The  occurrence  described  by  C.  W.  Purington,  in  The 
American  Geologist,  Vol.  XIV,  p.  105.     August,  1894. 
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Biotite  is  uniformly  distributed  through  the  rock,  as 
small  scales  and  plates.  Magnetite  occurs  sparingly  as 
accessory  mineral.  Muscovite  and  kaolin  are  present  as 
decomposition  products  of  the  feldspars. 

This  granite  belongs  to  the  more  acid  type  described 
above.  Mineralogically  this  granite  is  quite  similar  to 
one  collected  by  Mr.  Hayes  near  Mount  Zion,  Carroll 
County,  Georgia.  The  Mt.  Zion  granite  has,  however, 
been  subjected  to  mechanical  deformation,  which  has 
given  it  a  secondary  parallel  structure. 


BASIC  ROCKS. 

The  greater  part  of  the  basic  rocks  of  the  region  can 
be  embraced  under  the  field  terms,*  " greenstones/ '  and 
"greenstone  schists/'  These  rocks  are  even  more  liable 
to  alteration  by  atmospheric  agencies  than  the  acid 
rocks,  and  are  correspondingly  difficult  to  determine . 
In  the  collections  made  by  Mr.  Hayes  and  myself,  there 
are  examples  of  diorites,  gabbros,  diabases,  pyroxenites, 
together  with  many  hornblende,  chlorite,  and  epidote 
schists  whose  antecedents  are  more  or  less  doubtful. 
This  collection  includes  no  olivine  bearing  rocks,  but  Dr. 
Smith*  has  described  an  olivine  rock  from  near  Nota- 
sulga,  Alabama. f 

The  talc  (soapstone)  slates  which  are  nut  uncommon 
in  this  metamorphic  area,  are  probably  alteration  pro- 
ducts of  very  basic  rocks,  but  as  far  as  I  know  they  have 


♦Outline  of  the  Geology  of  Alabama. 

fThis  is  the  Ossipyte  described  by  Prof.  Hawes,  No.  22  of  his  list. 
Other  olivine-bearing  rocks  see  the  notes  of  Dr.  Clements  on  speci- 
mens No.  17, 18, 19,  and  23,  and  also  on  the  specimen  from  near  Gold 
Hill,  in  Lee  county,  No.  35.  E.  A. S 
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received  no  petrographical  study.  The  rocks  associated 
with  the  corundum  deposits  are  also* of  very  basic 
nature.* 

The  basic  rocks  of  Alabama  have  been  described  by 
Dr.  Smith  andTris  assistants  as  hornblendic gneiss, horn- 
blende schist,  diorite,  talcose  slate,  steatite  and  chloritic 
schists,  in  the  various  publications  of  the    Survey.     In 

•See  Bulletina  1  and  2,  Geological  Survey  of  Georgia. 

Georgia*  McCallie  and  King  have  classed  the  basic  rocks 
as    hornblende    eneisses,     hornblende    rocks,   periodo- 

^tes^tc 

Like  the  acid  rocks,  the  basic  rocks  are  characterized 
by  a  high  percentage  of  quartz,  most  of  which  is  plainly 
secondary.  In  at  least  one  instance  an  isotropic  sub- 
stance was  observed  which  resembled  opal.f  The  other 
secondary  minerals  observed  are  calcite  often  present  in 
large  quantities,  hornblende  and  uralite,  albite  (?) 
(No.  5),  epidote,  zoisite,  chlorite,  leucoxene,  garnet,  and 
spene.  %  Two  examples  of  saussurite  gabbro  have  been 
recognized  J. 

It  is  evident  that  the  above  list  includes  both  the  sec- 
ondary minerals  which  are  th&  result  of  dynamic  meta- 
morphism,  and  those  winch  owe  their  existence  to  at- 
mospheric action,  or  weathering. 

Regarding  the  occurrence  of  the  basic  rocks,  as  far  as 
our  present  knowledge  goes,  they  are  all  intrusive. 
They  occur  as  dikes,  and  larger  intrusive  masses,  in 
both  the  older  and  younger  series,  the  larger  masses, 
however,  seem  to  be  confined  to  the  basal  crystalline 
series.  As  these  basic  rocks  show  wide  differences  in 
their  relative  amount  of  raetamorphism,  it  is  probable 
that  there  was  more  than  one   period  of  intrusion.     As 

♦Preliminary  Keport  on  the  Corundum  Deposits  of  Georgia,  by 
Francis  P.  King,  Geological  Survey  of  Georgia,  Bulletin  No.  2, 
pages  71-4,  80. 

tNo.  D  6.  Chestnut  Gap  P.  O..  Gilmer  Co.,  Ga. 

jNos.  D  7  andJD  11,  from  near  Allatoona,  Bartow  Co.,  Ga. 
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yet  the  relative  ages  of  the  different  types  of  basic  rocks, 
have  not  been  determined.  In  general  the  basic  rocks 
occur  in  broad  belts  which  have  considerable  extension 
along  the  strike.  Such  a  belt  has  been* mapped  by  Mr. 
Hayes  and  his  assistants  extending  through  Cobb,  Pauld- 
ing, into  Carroll  counties,  Georgia,  and  judging  from 
specimens  sent  me  by  Dr.  Smith,  it  extends  into  Ran- 
dolph county,  Alabama. 

Until  more  material  has  been  collected,  with  the  end 
in  view  of  tracing  one  phase  of  a  rock  into  another  (for 
example  from  massive  to  schistose)  the  classification  of 
these  basic  rocks  must  be  more  or  less  arbitrary.  For 
convenience  of  description  I  have  divided  them  into 
schistose  and  massive  rocks.  The  term  schist  is  used  in 
a  relative  sense  only,  for  as  a  matter  of  fact  nearly  all 
these  basic  rocks  have  a  more  or  less  well  marked 
cleavage. 

Diorites . 

Diorites  are  the  most  common  basic  rocks  of  this  re- 
gion. They  occur  as  dikes  in  the  younger  series,  and  as 
dikes  and  larger  intrusive  masses  in  the  basal  crystalline 
series.  There  are  two  main  types  :*  The  quartz  diorites 
in  which  quartz  is  a  prominent  mineral,  and  the  ordin- 
ary diorites,  in  which  it  plays  only  a  secondary  part. 
We  are  here  again  confronted  with  the  difficulty  of  de- 
termining which  is  primary,  and  which  is  secondary 
quartz,  but  it  seems  probable  that  the  quartz  diorite  type 
predominates  in  the  region.  Dr.  Smith  sent  me  one 
each  of  these  two  types. 

It  should  be  noted  that  in  these  altered  rocks  it  is  not 
always  possible  to  determine  whether  a  rock  should  be 
classed  as  a  diorite,  or  as  an  epidiorite.  The  alteration 
of  augite  to  compact  hornblende  and  uralite  is  a  common 

*lt  should  be  noted  that  no  chemical  analyses  have  beeu  made  of 
these  rocks,  and  the  percentage  of  silica  may  prove  to  be  so  high  that 
they  can  not  be  classified  as  basic  rocks. 
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paramorphic  change,  and  with  limited  amount  of  mate- 
rial, it  is  often  not  feasible  to  determine  whether  the 
amphibole  be  primary  or  secondary.  As  a  temporary 
expedient,  therefore,  I  have  classified  the  rocks  showing 
little  or  no  ophitic  structure,  and  in  which  the  feldspar 
is  an  acid  labradorite,  as  diorites,  unless  the  amphibole 
is  plainly  secondary  after  augite.  The  rocks  which  had 
a  marked  ophitic  structure,  and  whose  feldspar  was  the 
more  basic  labradorite,  I  have  classed  as  diabases,  or 
epidiorites  as  the  case  may  be. 

No.  14a.  (113a  and  113b)  Locality  seven  or  eight 
miles  north  of  Columbus,  Georgia,  in  Lee  county,  Ala- 
bama. 

Diorite. — Megascopically  a  green  and  white  speckled, 
medium  grained  rock,  in  which  hornblende,  feldspar  and 
quartz  can  be  distinguished. 

Microscopic  examination  shows  this  to  be  an  even 
grained  holocrystalline  rock,  whose  original  structure 
has  been  more  or  less  defaced  by  a  secondary  parallel 
structure.  It  is  made  up  of  green  .hornblende,  plagio- 
clase,  quartz,  a  little  augite,  and  epidote  and  calcite,  as 
secondary  products.  Some  of  the  plagioclase  occurs  in 
tabular  crystals,  and  these  together  with  the  hornblende 
suggest  an  ophitic  structure. 

The  plagioclase  is  well  twinned  and  the  lamellae  give 
a  maximum  extinction  of  about  30  deg.,  indicating 
labradorite.  The  augite  is  associated  with  hornblende. 
The  quartz  occurs  in  small,  clear,  lenticular  grains.  A 
few  irregular  patches  of  epidote  and  calcite  were  observed 
in  the  slide. 

No.  18.  (118a,  118b  and  118c)  Locality,  Ragan's 
Old  Mill,  Lee  county,  Alabama. 

Quartz-diorite. — This  is  a  dark  green,  schistose  rock, 
in  which  hornblende  and  feldspar  can  be  distinguished 
megascopically. 
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Microscopically  the  chief  constituents  are  seen  to  be 
green  hornblende,  plagioclase  and  quartz.  The  rock  is 
holo-crystalline,  and  has  a  secondary  parallel  structure. 
Hornblende  is  the  predominating  mineral  and  it  occurs 
in  elongated  allotriomorphic  masses.  The  feldspar  is 
the  oldest  constituent  and  it  has  a  tendency  to  assume 
lath-shaped  crystals.  It  is  well  twinned  and  the  lamellae 
extinguish  at  about  30  deg.  as  a  maximum,  indicating 
a  labradorite.  The  twinning  according  to  albite  law  is 
frequently  accompanied  by  both  Karlsbad  and  pericline 
twinning. 

Quartz  occurs  in  irregular  patches,  much  fractured 
and  giving  wavy  extinction ,  and  is  probably  a  primary 
constituent  of  the  rock.  It  is  also  present  in  larger 
masses,  showing  no  cataclastic  structures,  and  this  is 
evidently  a  secondary  constituent  of  the  rock. 

Hornblende  Schists. 

This  embraces  a  series  of  schistose  rocks,  consisting 
chiefly  of  quartz  and  hornblende,  with  often  some  plagi- 
oclase, and  usually  some  augite.  They  are  probably 
alteration  phases  of  diorites  and  quartz  diorites. 

No.  7.  (106a  and  106b)  McDiarmidOld  Place,  near 
Brownsville,  Clay  county,  Alabama. 

Hornblende-schist . — Megascopically  this  rock  is  of  dark 
green  color.  Crystals  of  green  hornblende  occur  in  an 
aphanitic  ground  mass. 

Microscopic  examination  shows  that  the  essential  min- 
erals of  this  rock  are  green  hornblende,  quartz,  musco- 
vite,  and  epidote.  The  hornblende  occurs  in  irregularly 
bounded  masses,  scattered  through  a  groundmass,  con- 
sisting of  quartz,  muscovite  and  epidote. 

The  groundmass  consists  of  lenticular  quartz  grains 
interwoven  by  shreds  of  muscovite.  Epidote  occurs  as 
scattered  grains   and   granular   masses.     Calcite  occurs 
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sparingly  in  small  masses.  It  is  interesting  to  note  the 
presence  of  muscovite  which  was  not  observed  in  any 
other  of  these  schists. 

No.  10  (109a  and  109b).  Locality,  two  miles  west  of 
Idaho,  Clay  county,  Ala. 

Hornblende-schist. — Megascopically,  this  is  a  fine 
grained  dark  green  rock.  Prismatic  crystals  of  horn- 
blende can  be  distinguished,  and  smaller  grains  of  quartz 
and  feldspar. 

t  Microscopic.  A  rock  made  up  of  'pale  green  horn- 
blende, augite,  plagioclase  and  quartz.  The  hornblende 
occurs  in  elongated  masses  arranged  parallel.  Augite  is 
associated  with  the  hornblende.  Plagioclase  is  not  very 
plentiful,  and  occurs  as  tabular  crystals.  The  feldspar 
shows  multiple  twinning,  but  the  determination  of  it  is 
unsatisfactory.  Epidote  is  scattered  through  the  rock 
in  small  grains.  Quartz  occurs  in  lenticular  grains  and 
*e,ems  to  be  entirely  secondary. 

No.  19  (119a  and  119b).  Locality,  one  mile  south 
of  Double  Bridges  Ferry,  Elmore  county,  Ala. 

Hornblende-schist. — Megascopically,  this  rock  is  of  a 
dark  green  color,  and  has  almost  a  slaty  cleavage.  When 
broken  across  the  cleavage  it  is  seen  to  be  a  finely  band- 
ed crystalline  schist.  Dark  bands  of  prismatic  crystals 
of  hornblende  and  chlorite  alternate  with  light  bands., 
composed  chiefly  of  fine  grains  of  quartz. 

Microscopic.  The  thin  section  discloses  green  horn- 
blende quartz  and  a  little  augite  to  be  present.  The 
hornblende  occurs  in  pri'smatic  crystals  which  have  a 
rough  parallelism  and  are  partially  altered  to  chlorite. 
The  quartz  occurs  as  irregular,  interlocking  grains.  A 
few  grains  of  augite  were  observed  scattered  through 
the  section.  Considerable  magnetite  is  present  in  irreg- 
ular shaped  masses,  and  octahedral  crystals. 
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Diabases. 

Under  this  heading  I  have  grouped  diabases,  quartz 
diabase,  epidorite,  and  some'  schists  which  $re  plainly 
mechanically  deformed  phases  of  these  rocks.  The 
quartz  diabase  seems  to  predominate  in  the  rpgion,  but 
we  are  here  again  involved  in  the  difficulty  of  distin- 
guishing between  the  primary  and  secondary  quartz. 

No.  13.  (112a  and  112b)  Locality,  two  miles  south- 
east of  Fredonia,  Chambers  county,  Ala. 

Epidiorite. — Megascopically,  this  is.  a  medium  coarse 
grained  rock,  made  up  of  dark  green  hornblende,  white 
feldspar  and  quartz. 

Examination  of  thin  section  shows  the  rock  to  be  made 
up  of  hornblende,  augite,  plagioclase,  quartz  and  epi- 
dote.  The  minerals  are  all  arranged  more  or  less  par- 
allel, and  the  original  structure  of  the  rock  has  been  de- 
faced. Except  the  plagioclase,  which  shows  a  tendency 
to  crystallize  in  tabular  form,  the  minerals  are  all  alio- 
triomorphic. 

The  hornblende  is  of  a  pale  green  color,  and  is  plainly 
derived  from  the  augite.  The/ transition  from  augite  to 
hornblende  can  be  observed  in  the  thin  section. 

The  plagioclase,  which  is  not  very  plentiful,  shows 
albite  twinning,  but  the  determination  is  unsatisfactory. 
Quartz  occurs  as  an  alteration  product  in  small  irregu- 
lar grains. 

Epidote  is  the  most  plentiful  mineral.  It  seems  to  be 
an  alteration  product  of  both  the  feldspar  and  the  ferro- 

magnesian  silicates. 

« 

No.  11.  (110a  and  110b)  Locality,  near  Louina, 
Randolph  county,  Ala. 

Diabase- schist. — Megascopically  a  finely  banded  rock. 
Dark  bands  of  green  hornblende  alternate  with  light  col- 
ored bands  of  pink  feldspar. 
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Microscopic  examination  shows  this  rock  to  be  made 
up  of  pale  green  hornblende,  plagioclase,  with  a  little 
quartz  and  augite.  The  original  structure  of  the  rock 
has  been  entirely  destroyed  by  the  mechanical  deforma- 
tion. The  hornblende  occurs  in  irregular  elongated 
masses,  having  a  rough  parallelism.  The  augite  is 
closely  associated  with  hornblende. 

The  plagioclase  occurs  in  patches  of  mosaic  inter- 
growths,  which  are  probably  formed  l>y  secondary  recrys- 
tallization  of  the  feldspar.  With  it  is  associated  a  little 
quartz.  The  albite  twinning  is  rather  inconspicuous, 
and  the  determination  of  the  feldspar  unsatisfactory, 
but  it  probably  belongs  near  the  basic  end' of  the  lime- 
soda-feldspar  series.  Epidote  is  scattered  through  the 
rock  in  small  grains. 

No.  12.  (Ilia  and  111b)  Locality,  0:10  and  one- 
fourth  miles  north  of  Fredonia,  Chambers  county,  Ala- 
bama. 

Quartz-diabase. — Megascopically  this  is  a  dark  green 
holocrystalline  rock.  Dark  green  hornblende,  white 
feldspar  and  glassy  quartz  can  be  distinguished  in  hand 
specimens. 

A  microscopic  examination  reveals  a  rock  with  par- 
tially defaced  ophitic  structure,  consisting  of  hornblende, 

plagioclase  and  quartz.  The  rock  has  a  parallel  struc- 
ture induced  by  the  mechanical  deformation.  The  pla- 
gioclase exhibits  a  tendency  to  form  tabular  crystals. 
The  lamelke  give  a  maximum  extinction  of  about  40 
degrees,  indicating  a  basic  labradorite.  The  hornblende 
occurs  in  irregular  allotriomorphic  masses,  which  often 
enclose  the  feldspar  crystals.  The  hornblende  is  dark 
green,  and  shows  an  extinction  of  about  20  deg.  The 
hornblende  is  partly  altered  to  chlorite.  Quartz  occurs 
in  irregular  grains,  which,  like  the  feldspar,  are  cata- 
clastic.  Small  grains  of  epidote  are  scattered  through 
the  rock. 
13 
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No.  3.  (102a)  Locality,  Oakfuskee,  Riddle's  Bridge, 
Alabama. 

Quartz-diabase-schist. — Microscopic*  Int  hin  section  of 
this  is  seen  to  be  a  holocrystalline  rock,  in  which  a  sec- 
ondary foliation  has  been  produced  by  mechanical  de- 
formation. It  consists  essentially  of  pale  green  horn- 
blende (partially  altered  to  chlorite),  plagioclase,  quartz, 
which  is  probably  mostly  secondary,,  with  a  little  augite 
and  zoisite. 

The  feldspar,  which  is  probably  anorthite,  occurs  in 
broken  and  partially  replaced  crystals,  which  were  orig- 
inally tabular.  The  hornblende  occurs  in  irregular 
masses  elongated  parallel  to  the  foliation.  The  original 
structure  of  rock  was  evidently  ophitic. 

Quartz  occurs  in  small  irregular  patches  all  through 
the  slide,  often  replacing  in  part  the  plagioclase  crystals. 
Much  of  the  quartz  is  fissured  and  gives  wavy  extinc- 
tion. If  this  cataclastic  quartz  is  secondary,  it  must 
have  been  formed  previous  to  the  mechanical  deforma- 
tion of  the  rock.  The  zoisite  occurs  as  granules  and 
prisms  all  through  the  rock.  Epidote  occurs  sparingly 
in  slide  as  small  granular  masses  and  scattered  grains. 


Pyroxenites. 

The  two  rocks  under  this  heading  are  characterized 
by  the  entire  absence  of  feldspar  and  quartz.  One  of 
them  is  plainly  a  partly  altered  and  squeezed  pyroxenite. 
The  other,  which  I  have  called  an  amphibolite,  is  made 
up  chiefly  of  uralite,  which  is  probably  paramorphic 
after  augite. 

No.  9.  (108a  and  108b)  Locality,  Sec.  1,  T.  24,  R. 
20  E.,  near  Goodwater,  Coosa  countv,  Ala. 

*Hand  specimen  of  this  rock  was  lost. 
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Pyroxene-epidoteschist. — Megascopically ,  this  is  a  pale 

* 

green  rock,  on  the  fresh  fracture  of  which  the  glittering 
surfaces  of  crystal  faces  can  be  seen.  These  crystals  are 
of  a  light  green  color,  and  are  contained  in  similarly  col- 
ored groundmass; 

Under  the  microscope  the  rock  is  seen  to  consist  of 
pyroxene  partly  altered  to  epidote.  In  the  slide  no  defi- 
nite crystalline  outline  can,  as  a  rule,  be  made  out,  but 
it  seems  to  have  originally  been  an  intergrowth  of  pris- 
matic crystals. 

No.  8.  (107a  and  1071j)  Locality,  D.  C.  Carmichael, 
near  Brownsville,  Clay  county,  Ala. 

Amphibolite . — Megascopically,  the  rock  is  of  light  green 
color,  and  much  resembles  the  chlorite  schists  previously 
described.  Xhe  examination  of  thin  section  shows  it  to 
consist  essentially  of  a  holocrystalline  intergrowth  of  a 
pale  green  hornblende.  A  little  augite  occurs  with  horn- 
blende. Some  of  ths  hornblende  has  been  altered  to 
chlorite.  Quartz  and  feldspar  are  entirely  wanting  in 
this  rock. 

Chlorite  and  Epidote  Schists. 

This  group  includes  all  the  most  highly  altered  basic 
rocks  of  the  region.  Megascopically  they  are  soft  green- 
ish rocks  which  often  have  a  slaty  cleavage,  and  can 
easily  be  mistaken  for  elastics.  The  microscopic  study 
of  a  series  of  specimens  of  the  schists  show  them  to  be 
of  undoubted  igneous  nature.  They  are  usually  found 
to  contain  some  secondary  quartz,  and  often  contain 
remnants  of  a  feldspathic  constituent.  They  are  prob- 
ably derived  from  the  diorites  and  diabases,  and  from 
the  most  basic  rocks. 

No.  4.  (103a  and  103b)  Locality,  three-fourths 
miles  southwest  of  Chandler  Springs,  Talladega  county, 
Alabama . 
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Chlorite  schist. — Megascopically ,  this  is  an  aphanitic 
rock,  having  a  light  green  color  and  an  imperfect  cleav- 
age. 

Microscopic.  In  thin  section  the  microscope  discloses 
a  rock  made  up  of  hornblende,  chlorite  and  zoisite.  The 
chlorite  occurs  as  plates  with  irregular  outline,  and  as 
fibrous  masses.  The  zoisite  occurs  as  granules  and 
prisms.  A  few  grains  of  quartz  were  observed  in  sec- 
tion. The  hornblende  is  pale  green,  and  occurs  in  small 
fibrous  masses. 

> 
No.  5.     (104a  and  104b)     Locality,  one  mile  south  of 

Coleta,  Clay  county,  Alabama. 

Chlorite-epidote-schist. — Megascopically,  the  rock  is  of  a 
light  green  color.  Rounded  phenocrysts  of  quartz  and 
feldspar  (chiefly  quartz)  are  seen  enclosed  in  a  ground- 
mass  of  light  green  color. 

The  microscopic  examination  shows  it  to  be  a  highly 
metamorphosed  rock,  made  up  almost  entirely  of  second- 
ary minerals.  It  consists  essentially  of  quartz,  epidote, 
chlorite  and  zoUite. 

Tabular  crystals  of  what  were  once  phenocrysts  of 
feldspar  are  scattered  through  the  rock.  In  several  of 
these  phenocrysts  a  little  of  the  polysynthetic  twinning 
feldspar  was  observed',  but  for  the  most  part  the  feld- 
spars have  been  entirely  replaced  by  mosaics  of  inter- 
locking quartz  grams,  or  by  aggregations  of  quartz,  epi- 
dote and  zoisite. 

The  ground  mass  of  the  rock  consists  of  an  aggregation 
of  epidote,  chlorite,  zoisite  and  quartz.  The  chlorite 
occurs  in  irregular  stringers,  and  the  epidote  usually 
intergrown  with  zoisite.  Less  frequently  epidote  occurs 
as  separate  masses"  and  filling  cleavage  cracks.  The 
epidote  and  zoisite  seems  to  be  secondary  after  augite, 
for  a  few  unaltered  augite  grains  were  included  in  these 
aggregations  of  secondary  minerals. 
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The  quartz  occurs  as  mosaics  with  irregular  bounda- 
ries, and  as  small  veins,  cutting  all  the  other  minerals. 
There  seems  to  have  been  an  infiltration  of  quartz  after 
the  foliation  of  the  rock.  This  would  make  two  gener- 
ations of  quartz.  First,  that  formed  during  the  meta- 
morphism  of  the  rock,  and  second,  that  of  secondary 
infiltrations  after  the  foliation  of  the  rock.  There  is  also 
the  possibility  that  the  rock  contained  some  primary  % 
quartz.  The  plagioclase  feldspar  noted  above  is  prob- 
ably the  only  primary  constituent  which  the  rock  now 
contains.  The  rock  is  probably  an  altered  diabase, 
which  has  been  subjected  to  extreme  metamorphism. 

No.  6.  (105a  and  105b)  Locality,  Brownsville,  Clay 
county,  Ala. 

Chloriie-epidote-schist . — Megascopically ,  this  rock  is  of 
a  light  green  color  and  of  fine,  texture.  The  mass  of  the 
rock  is  made  up  of  soft  green  mineral.  Small  flakes  of 
muscovite  are  scattered  through  it. 

Microscopic  examination  shows  it  to  be  a  fine  grained, 
foliateld  rock,  consisting  essentially  of  quartz,  chlorite 
and  epidote.  Quartz  occurs  in  lenticular  grains  which 
have  a  wavy  extinction.  Chlorite  occurs  in  fibrous  ag- 
gregates, arranged  more  or  less  parallelly,  giving  the 
rock  imperfect  cleavage. 

Epidote  is  intimately  associated  with  chlorite  as  grains 
and  granular  masses.  Several  irregular  shaped  masses 
of  calcite  were  observed,  and  also  a  little  zoisite  associ- 
ated with  epidote.  The  rock  also  contains  considerable 
muscovite  in  small  plates. 

It  is  interesting  to  note  that  section  No.  105a  contained 
one  irregular  mass  of  magnetite,  for  there  is  striking 
absence  of  that  mineral  in  most  of  these  rocks. 
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biennial  report,  1898-9,  a  report  upon  the  clays  of  Alabama  by  Dr. 
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PREFACE. 


Clay  is  one  of  the  most  abundant  materials  found  in 
the  earth's  crust,  and  occurring  as  it  does  in  every 
country,  in  almost  every  geological  formation  from 
nearly  the  oldest  to  the  youngest*  and  frequently  in 
positions  easy  of  access,  it  is  not  to  be  wondered  at 
that  these  conditions,  aided  by  the  peculiar  properties 
which  it  possesses,  have  caused  this  material  to  be- 
come one  of  the  most  useful  and  valuable  products  of 
the  earth. 

The  value  of  clay  is  still  more  readily  understood 
when  the  statistics  of  l#ts  production  are  known.  Thus 
in  1897,  the  total  value  of  (day  products  made  in  the 
United  States  alone  was  960,911,641.00,  distributed 
as  follows : 

Common   brick $  20,353,904 

Pressed  brick 3.931.S36 

Vitrified  paving  brick 3,582,037 

Ornamental  brick 683.048 

Fire  brick 4.004,704 

Drain   tile 2,023,305 

Sewer  pipe 4,(  60,534 

Terra  cotta 1,701,422 

Fire  proofing 1,979,259 

Tile   other  'than    drain 1.026,398 

Miscellaneous 1,413,835 

Pottery 9,450,859 

Up  to  the  present  time  the  rank  of  Alabama  as  a 
clay  producing  state  has  not  been  very  high,  owing 
largely  to  the  lack  of  information  concerning  its  clay 
resources,  and  in  the  following  report  an  endeavor  has 
been  made  to  furnish  as  much  information  as  possible 
concerning  the  characters  of  many  of  the  Alabama 
clays. 

IIeixrich  Ries. 
March  1, 1900. 


GENERAL  DISCUSSION  OF  CLAYS, 

By  Heinrich  Rieb. 


ORIGIN  OF  CLAY. 

Clay  is  to  be  met  almost  every  where,  and  while  it 
varies  in  form,  color  and  other  physicial  properties, 
nevertheless  it  always  forms  a  pasty  or  plastic  mass 
when  mixed  with  water,  by  virtue  of  which  it  may  be 
molded  into  any  shape,  ^;hich  it  retains  vhen  dried; 
furthermore  when  exposed  to  a  high  temperature  it 
hardens  to  a  rock  like  mass.  These  two  properties, 
the  plasticity  and  the  hardening  when  burnt  are  what 
make  clay  of  such  inestimable  value  tk>  man. 

Pure  clay  or  kaolin  is  composed  entirely  of  the  min- 
eral kaolinite,  which  is  a  hydrated  silicate  of  alumina. 
It  rarely  happens,  however,  that  clay  is  perfectly  pure, 
for  owing  to  the  nature  of  its  formation  from  another 
rock  as  will  be  explained  later,  it  is  very  apt  to  have 
other  minerals  mixed  in  with  it.  These  foreign  min- 
erals may  sometimes  be  present  in  such  quantities  as 
to  completely  mask  the  character  of  the  kaolinite. 

We  can  therefore  define  clav  as  a  mixtureof  kaolin- 
ite  with  more  or  less  quartz  and  other  mineral  frag- 
ments,, especially  feldspar  and  mica,  the  whole  posses- 
sing plasticity  when  mixed  with  water,  and  becoming 
hard  when  burned. 

The  so  called  flint  clays  form  an  exception  to  the 
above,  for  while  they  often  approach  pure  kaolin  in 
composition,  still  they  are  almost  devoid  of  plasticity 
when  ground  and  mixed  with  water. 

Kaolinite  is  a  secondary  mineral  resulting  from  the 
decomposition  of  feldspar.  The  feldspars  are  a  group 
of  silicate  minerals  of  ~ather  complex  composition, 
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with  orthoclase,  the  potash  feldspar,  serving  as  the 
type  of  the  group,  as  well  as  being  the  commonest 
species. 

Under  the  influence  of  chemical  action,  which  may 
be  the  result  of  weathering  or  in  some  cases  probably 
of  acid  vapors  ascendning  from  the  interior  of  the 
earth,  the  feldspar  becomes  decomposed,  and  the  result 
of  this  is  that  the  potash  of  the  feldspar  is  removed 
partly  in  the  form  of  solube  carbonate,  or  perhaps 
silicate,  or  even  fluoride,  while  the  alumina  and  silica 
remain  and  unite  with  water  to  form  the  hydrated 
silicate  of  alumina,  kaolinite,  whose  composition  is 
expressed  by  the  formula  Al2  Os,  2S102,  2H20.,  or 
in  the  proportion  of  silica,  47.30  per  cent. ;  alumina, 
39.80  per  cent. ;  water  13.90  per  cent. 

The  change  can  be  illustrated  still  better  by  the  fol- 
lowing in  which  the  first  column  indicate*  the  com- 
position of  the  feldspar,  the  second  the  amount  of 
water  taken  up  in  the  process  of  decomposition,  the 
third,  the  amount  of  matter  removed  in  solution,  and 
the  fourth  the  relative  amounts  of  the  three  ingredi- 
ents of  kaolinite. 

Feldspar.       Added.  Dissolved  out.  Kaolinite. 

Alumina ..  18.3              0.0  18.3 

Silica 64.8  ....  41.8  23.0 

Potash 16.9              169              

Water ....  6.4             6.4 

Many  clays  approach  quite  closely  to  kaolinite  in 
their  composition,  and  in  some  the  percentage  of 
alumina  even  exceeds  the  theoretic  amount,  by  one  or 
two  per  cent.,  and  is  evidently  not  due  to  errors  of  an- 
alysis. 

It  has  been  suggested  by  some  that  this  may  be  due 
to  the  presence  of  a  certain  amount  of  pbol&rite,  the 
amorphous  variety  of  kaolin,*  and  while  this  is  pos- 
sible the  same  composition  might  be  shown  by  a  cer- 
tain amount  of  bauxite  or  alumina  hvdrate  mixed  in 
with  the  clav. 


*  Wheeler,  ClayB  of  Missouri,  Missouri  Geological  Surrey,  XI. 
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None  of  the  Alabama  clays  thus  far  analyzed  indic- 
ate this  exceptional  composition. 

Knowing  the  mode  of  origin  of  kaolinite  it  will  at 
once  be  seen  that  the  purity  of  the  kaolin  depends  on 
the  nature  of  the  parent  rock.  Feldspar  often  forms 
large  veins  of  considerable  purity,  and  nearly  free 
from  other  associated  minerals,  and  its  decomposition 
in  such  cases  would  give  rise  to  deposits  of  pure  or 
nearly  pure  kaolin.  In  point  of  fact  the  purest  clays 
known  have  with  few  exceptions  been  formed  in  this 
manner.  More  frequently  quartz  and  mica  are  com- 
mon accessory  minerals,  and  remain  intermixed  with 
the  kaolinitie,  both  of  them  being  more  resistent  to 
weathering  than  the  feldspar.  When  these  or  other 
minerals  occur  in  the  kaolin  they  have  to  be  separated 
from  it  as  much  as  possible  by  washing. 

Clays,  which  occur  at  or  close  to  the  locality  in 
which  they  have  been  formed,  are  called  "residual 
clays".  They  represent  some  of  the  purest  types  of 
clay  known  as  well  as  the  most  impure.  The  upland 
region  of  the  Southern  States  is  underlain  by  a  great 
area  of  feldspathic,  granitic  and  gneissic  rocks  which 
have  decomposed  to  a  ferruginous  clay  of  residual 
nature,  and)  one  that  is  used  extensivelv  in  the  South 
for  the  manufacture  of  common  brick. 

In  the  general  wearing  down  of  the  land  su-face 
which  is  continually  taking  place  the  particles  of 
residual  clav  are  washed  down  into  the  lakes  and 
oceans  and  deposited  there  as  sediments,  thus  giving 
rise  to  what  are  known  as  sedimentary  clays.  They 
are  usually  far  more  plastic  than  the  residual  clays, 
especially  the  purer  ones. 

From  the  nature  of  their  formation,  we  should  sel- 
dom look  for  kaolins  of  sedimentary  origin,  and  when 
they  do  occur  they  have  probably  been  derived  from 
large  areas  of  very  feldspathic  rock  or  possibly  from 
limestones  which  had  an  appreciable  percentage  of 
silicate  of  alumina  in  their  composition,  in  which  case 
the  lime  carborate  would  be  carried  off  in  solution, 
and  the  clay  components  of  the  rock  be  left  behind  as 
an  insoluble  residue.    It  is  seldom  that  sedimentary 
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clays  exhibit  such  remarkale  purity  as  those  from 
Chalk  Bluff,  Alabama,  or  the'  plastic  ball  clays  of 
Florida. 

The  clays  of  the  Cretaceous  and  Tertiary  forma- 
tions, which  underlie  the  Coastal  Plain,  as  well  as  the 
Palaeozoic  shales,  found  in  Alabama,  are  all  of  sed'- 
mentary  origin. 

GEOLOGICAL  STRUCTURE  AND  DISTRIBU- 
TION OF  CLAY  DEPOSITS. 

BESIDUAL  CLAYS. 

The  mode  of  origin  of  these  has  already  been  ex- 
plained. They  may  occur  either  in  the  form  of  a  broad 
mantle  overlying  the  bed  rock  and  showing  a  variabet/ 
thickness  as  well  as  extent,  or  they  may  occupy  the 
position  of  a  vein  cutting  across  the  strike  of  the  other 
rocks,  or  extending  at  times  with  the  bedding  or  lami- 
nation of  them. 

Residual  clays  are  commonly  made  up  of  a  mixture 
of  angular  grains  which  are  chiefly  undecomposed 
mineral  matter,  and  clay  particles  which  are  mostly 
of  sufficient  fineness  to  remain  suspended  in  water  for 
an  almost  indefinite  period.  There  is  also  generally 
a  gradual  transition  from  the  fully  formed  clay  at  the 
surface  to  the  f^esh  rock  below,  whose  decomposition 
has  given  rise  to  the  plastic  mass  above. 

The  depth  below  the  surface  at  which  the  unaltered 
rock  is  encountered  may  be  as  little  as  three  to  four 
feet,  while  in  some  regions  where  the  surface  'has  been 
little  eroded,  and  decomposition  has  been  active,  the 
thickness  of  the  residual  clay  may  exceed  one  hundred 
feet. 

The  structure  of  the  parent  rock  such  as  stratifica- 
tion or  lamination  is  at  times  often  noticeable  in  the 
lower  portion  of  the  residual  deposits,  and  in  some 
cases  it  may  even  be  preserved  right  up  to  the  surface. 

Residual  deposits  of  the  vein  type  result  commonly 
from  the  decomposition  of  veins  of  granite  or  feldspar. 
They  vary  in  width,  from  a  few  inches  to  several  bun- 
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dred  feet,  and  their  vertical  extent  depends  in  most 
cases  on  the  depth  to  which  the  weathering  action  has 
progressed. 

Veins  of  kaolin  seldom  show  great  length,  and  when 
followed  along  the  surface  not  uncommonly  pinch 
out  in  both  directions.  They  are  often  separated 
more  or  less  sharply  from  the  country  rock,  and  this 
distinct  line  of  demarkation  is  preserved  even  when 
the  wall  rock  itself  is  decomposed.  They  further- 
more frequently  branch  and  at  times  contain  lenses 
of  quartz,  which  resist  the  weathering  agencies  and 
stand  out  in  bold  relief  on  the  surface.  It  rarely  pays 
to  work  a  vein  under  six  feet  in  width. 

Deposits  of  kaolin  of  the  type  just  described  should 
not  be  confused  with  sedimentary  deposits  of  white 
clay,  which  are  usually  of  a  much  greater  extent 
than  the  vein  formation. 

SEDIMENTARY  CLAYS. 

These  occur  in  the  form  of  beds,  which  are  either 
close  to  the  surface  or  inter  stratified  with  other  de- 
posits which  have  been  accumulated  in  water,  such  as 
sandstone  or  limestone.  They  are  not  unfrequently 
interbeddied  with  coal  deposits  and  many  a  coal  seam 
has  a  fire  clqy  floor.  Sedimentary  clays  are,  as  a  rule 
more  homeogeneous  than  residual  ones,  and  contain 
probably  a  greater  portion  of  fine  particles.  They  are 
also  more  plastic,  and  frequently  contain  much  dis- 
seminated organic  matter.  Furthermore,  they  do  not 
pass  gradually  into  the  underlying  rock  as  residual 
clays  do,  and  indeed  bear  no  relation,  in  a  genetic 
sense,  to  the  rocks  upon  which  they  rest. 

When  sedimentary  clays  become  compressed  by  the 
weight  of  overlying  sediments,  they  assume  Hhe 
character  of  hard  or  consolidated  rock,  and  are  known 
as  shale.  Shales  therefore  simply  represent  the  finest 
clay  sediment  which  has  bcome  consolidated. 

On  grinding  to  a  powder  and  mixing  with  water, 
shales  become  just  as  plastic  as  other  clays.  By 
mentamorphism,  (that  is  heat  and  pressure  developed 
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by  mountain  making  processes)  taking  place  in  the 
crust  of  the  earth,  a  shale  may  lose  its  chemically  com- 
bined water,  develop  a  cleavage,  and  become  converted 
into  slate.  It  is  then  no  longer  possible  to  develop 
any  plasticity  in  the  material. 

It  is  not  to  be  understood  that  all  sedimentary  clays 
are  of  a  homogeneous  structure  throughout.  Some 
beds  may  exhibit  a  wonderful  similarity  of  composi- 
tion throughout  extended  areas,  while  again  then,  may 
be  a  wide  variation  in  the  character  of  any  bed  within 
narrow  limits.,  Apart  from  this  variation  laterally, 
there  mav  also  be  a  vertical  one  ^n  cases  wThere  the  de- 
posit  is  made  up  of  a  nulmber  of  beds,  one  over  the  oth- 
er, each  showing  distinctive  characters.  With  such  oc- 
currences it  is  possible  to  obtain  several  different 
grades  of  clay  from  the  same  pit.  Such  conditions  are 
apt  to  be  the  rule  rather  than  the  exception. 

A  not  uncommon  phenomon  in  many  of  the  coastal 
plain  formations  is  the  occurrence  of  large  lenses  of 
clay,  free  from  grit  surrounded  by  beds  of  sandy  clay 
or  even  sand. 

DISTRIBUTION. 

Clays  and  shales  occur  in  practically  every  geologi- 
cal formation  with  the  exception  of  the  oldest.  Most 
of  those  which  are  older  than  the  Creataceous  are 
hard  and  shale — like  in  their  nature,  wrhile  those 
of  the  Cretaceous  and  Tertiary  on  the  other  hand  are 
usually  soft  and  plastic,  but  deposits  of  Creataceous 
and  also  Tertiary  shales  are  known. 

The  geological  age  of  a  clay  or  shale  is  no  indication 
of  its  quality,  and  it  is  only  of  use  at  times  for  a  means 
of  comparison  between  two  beds  situated  near  each 
other,  but  even  here  it  is  not  altogether  a  safe  guide. 

The  geological  relations  of  the  clays  of  Alabama 
are  treated  somewhat  more  in  detail  below  in  a  separ- 
ate chapter. 

PROPERTIES  OF  CLAYS. 

These  fall  into  two  classes,  i.  e.  (1)  Chemical  and 
(2)    Physical.     Two  clays  may  correspond  in  their 


CHEMICAL  PROPERTIES  OF  CLAYS.  9 

■ 

widely  in  their  physical  characters,  and  therefore  act 
entirely  opposite  when  used  for, the  manufacture  of 
clay  products. 

Pure  clay  or  kaolin  would  be  composed  entirely  of 
kaolinite,  the  hydrated  cilicate  of  alumina.  These 
two  terms  are  often  confounded  and  it  is  well  to  em- 
pahasize  the  fact  that  kaolinite  refers  to  the  mineral 
species,  while  the  term  kaolin  is  applied  to  the  mass. 
Pure  kaolin  has  not  thus  far  been  found,  although 
deposits  containing  as  much  as  98  per  cent,  of  it  are 
known,  and  the  othe™  two  per  cent,  consists  of  foreign 
matter.  The  kaolin  therefore  contains  a  variable 
amount  of  mineral  'mpurities  mixed  in  with  the  kao- 
linite or  the  clay  substance,  as  it  is  some  times  called, 
and  these  impurities  may  affect  both  the  chemical  and 
the  physical  properties  to  a  variable  extent,  depend- 
ing upon  the  quantity  and  the  kind  of  them  present. 
The  clay  substance  is  always  present  but  in  a 
variable  amount,  and  it  stands  in  no  direct  relation  to 
the  plasticity,  except  in  so  far  that  the  latter  is  lost 
when  the  combined  water  is  driven  off. 

The  amount  of  clay  substance  in  clays  ranges  from 
5  or  10  per  cent,  to  98.5  per  cent. 

The  chief  impurities  in  kaolin  are  quartz,  feldspar 
and  mica,  but  in  other  clays  the  number  of  mineral 
species  present  may  indeed  be  large. 

CHEMICAL  PROPERTIES. 

The  chemical  composition  of  a  clay  directly  influ- 
ences its  fusibility,  and  the  color  to  which  it  burns.  • 

The  compounds  which  may  be- found  in  clay  are 
silica,  alumina,  iron  oxide,  lime,  magnesia,  potash, 
soda,  sulphuric  acid,  phosphoric  acid,  manganese 
oxide  and  organic  matter.  Compounds  of  chromium 
and  vanadium  may  also  be  present  at  times  in  small 
amounts.  All  of  these  substances  are  not  present  in 
every  clay,  but  most  of  them  are. 

Pure  clay  would  contain  silica,  alumina  and  com- 
bined water,  but  the  purest  clay  known  commonly 
contain  at  least  traces  of  iron  oxide,  lime  and  alkalies. 
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Alumina,  organic  matter  and  water  are  practically 
the  only  non-volatile  constituents,  which  do  not  exert 
a  fluxing  action  on  the  clay  in  burning,  and  the  inten- 
sity of  this  fluxing  depends  partly  on  the  amount  of 
fluxes,  and  partly  on  the  temperature  at  which  the 
clay  is  burned. 

It  is  the  custom  to  divide  the  impurities  of  clay  into 
those  wh;ch  are  fluxing,  and  those  which  are  non-flux- 
ing. 

Pure  clay  is  very  refractory.  The  kaolinite  com- 
posing it  contains  two  molecules  of  silica  and  one 
molecule  of  alumina.  A  higher  percentage  of  sil;ca 
tends  to  increase  the  fusibility  up  to  a  certain  point, 
provided  it  is  in  a  finely  divided'  condition,  above  this 
point  the  refractoriness  of  the  clay  increases  steadily 
with  the  addition  of  silica.  * 

Other  substances  are  far  more  powerful  fluxes  than 
the  silica  howrever,  and  these  fluxes  contain  not  only 
elements  but  also  definite  chemical  compounds  or 
mineral  speciea 

The  influence  of  fluxes  increases  not  only  with  the 
amount  present  but  also  with  the  state  of  division, 
they  being  more  active,  the  more  finely  they  are  divid- 
ed. If  the  fluxing  material  is  present  in  large  grains, 
these  will  only  exert  a  fluxing  action  on  their  upper 
surface,  while  the  single  grains  alone  will  for  a  while 
act  more  like  quartz  grains  i.  e.  as  diluents  of  the 
shrinkage.  The  minerals  which  may  be  present  and 
serve  as  fusible  impurities  are  commonly  mica,  feld- 
spar, hornblende,  pyroxene,  garnet,  quartz,  calcite, 
gypsum,  iron  oxide  and  manganese,  and  the  elements 
contained  in  these  constituting  the  active  fluxing 
agents  are  alkalies,  iron  oxide,  lime  and  magnesia. 

Opinions  differ  somewhat  in  regard  to  the  order  of 
their  relative  effectiveness,  but  it  is  probably  given 
above,  the  alkalies  being  the  strongest 

The  amount  and  kind  of  fluxes  which  it  is  desirable 
for  a  clay  to  contain  depends  on  the  use  to  which  it  is 
to  be  put.  If  a  vitrified  ware  is  desired  then  the 
fluxes  should  be  present  in  appreciable  amount,  say 
10  to 20  per  cent.,  depending  upon  the  relativestrength 
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of  the  fluxing  impurity.  Kefractory  clays,  on  the 
other  hand,  should  contain  a  low  amount  of  fusib'e 
substances.  Porcelain  clays  might  have  as  high  a  per- 
centage of  fluxes  as  5  or  6  per  cent.,  provided  they  did 
not  exert  a  coloring  action  on  the  clay. 

ALKALIES    IN     CLAYS. 

The  alkalies  usually  contained  in  clays  are  potash, 
soda  and  ammonia. 

Ammonia  is  a  very  common  constituent  of  moist 
clay  and  is  absorbed  by  the  latter  with  great  avidity; 
indeed  it  is  largely  responsible  for  the  characteristic 
oder  of  clay.* 

If  the  ammonia  remained  in  the  clay,  it  would  act 
as  a  strong  flux,  but  its  volatile  nature  renders  it 
harmless,  for  it  passes  off  as  a  vapour  at  a  temper- 
ature considerably  below  dull  redness,  and  in  fact  may 
even  volitilize  with  the  moisture  of  the  clay  during  the 
early  stages  of  burning. 

Potash  and  soda  on  the  other  hand,  which  volati- 
lize only  at  a  high  temperature,  are  present  in  almost 
every  clay  from  the  smallest  amount  up  to  9  Or  10  per 
cent,  and  of  these  potash  is  by  far  the  commoner  of  the 
two.  Their  variable  percentage  may  be  caused  by  the 
presence  of  more  or  less  undecomposed  feldspar,  of 
which  orthoclase,  the  common  species,  has  nearly  17 
per  cent,  of  potash  while  the  other  feldspars  contain 
varying  amounts  of  soda. 

These  alkalies  may  be  present  in  the  clay  in  the 
form  of  either  soluble  or  insoluble  compounds,  the 
latter  being  represented  by  feldspar,  mica,  or  other 
minerals,  while  the  soluble  ones  are  usually  the  result 
of  their  decomposition. 

Soluble  alkaline  compounds  may  be  found  in  almost 
any  clay,  but  they  are  rarely  present  in  large  amounts, 
and1  their  chief  importance  lies  in  the  fact  that  they 
are  often  responsible  for  the  formation  of  an  efflor- 
escence or  whi#te  coating  on  the  surface  of  the  ware, 
they  having  become  concentrated  on  the  surface  by  the 

*F.  Senft,  Die  Thon  Substanzen,  p.  29. 
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evaporation  of  the  moisture  of  the  clay.  They  may  be 
rendered  insoluble  by  the  addition  of  chemicals  to  the 
clay.  In  addition  to  its  unsightliness  the  efflores- 
cence may  interfere  with  the  adhesion  of  a  glaze  ap- 
plied to  the  surface  of  the  ware. 

Soluble  alkaline  sulphates  are  powerful  fluxes  and 
they  also  cause  blistering  of  the  ware,  if  the  clay  is 
heated  sufficiently  high  to  decompose  the  compound 
and  permit  the  escape  of  sulphuric  acid  gases. 

In  some  clays  containing  sulphate  of  iron,  this  com- 
pound may  be  decomposed  by  chemical  reaction  tak- 
ing place  in  the  clay;  the  sulphuric  acid,  which  is 
thus  set  free,  is  apt  to  attack  the  alumina  of  the  clay 
substance  and  if  potash,  soda,  or  ammonia  is  present 
there  is  formed  an  alum  of  potash,  soda  or  ammonia, 
which  can  often  be  detected  by  the  taste  wThich  ic  im- 
parts to  the  clay. 

Insoluble  alkaline  compounds.  Feldspar  andj  mica 
which  are  the  commonest  of  rock  forming  minerals 
are  the  two  important  sourcesi  of  insoluble  alkaline 
salts  in  the  clay. 

The  feldspars  are  complex  silicates  of  alumina  and 
potash,  or  alumina,  lime  aud  soda.  Orthoclase  is  the 
only  species  furnishing  potash  and  contains  about  17 
per  cent,  of  it  while  the  lime-soda  feldspars  have  from 
4  to  14  per  cent,  of  soda  depending  on  the  species. 

Orthoclase  is  the  common  feldspar,  and  next  to  it 
come  albite  and  oligoclase  with  12  and  14  per  cent,  of 
soda  respectively. 

The  micas  are  complex  silicates  of  alumina  with 
either  lime  or  magnesia  or  potash.  Muscovite,  the 
common  species,  contains  nearly  12  per  cent,  of  pot- 
ash, and  may  at  times  also  contain  soda.  While  the 
potash  feldspar  fuses  completely  at  about  2300°  Fahr.. 
the  potash  mica  alone  is  very  refractory  and  unaf- 
fected by  a  temperature  of  2550°  Fahr.,  and  though 
it  probably  serves  as  a  flux,  it  is  not  definitely  known 
at  just  what  temperature  its  action  begins. 

The  alkaline  silicates  on  account  of  their  fluxing 
properties  are  frequently  at  an  advantage,  especially 
if  in  the  form  of  feldspar,  as  they  serve  in  burning  to 
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bring  the  particles  of  the  clay  together  into  the  dense 
hard  body,  and  also  permit  of  the  ware  being  burned 
at  a  lower  temperature.  If  present  in  kaolins  to  the 
extent  of  several  per  cent,  it  is  no  detriment,  provided 
no  iron  is  present;  an  excess  of  feldspar,  however, 
when  added  to  a  white  burning  clay  will  tend  to  pro- 
duce a  creamy  tint. 

In  the  manufacture  of  porcelain,  white  earthen 
ware,  encaustic  tiles  and  other  products  made  from 
kaolins  or  white  burning  clays,  and  having  a  white 
body,  which  is  impervious,  or  nearly  soothe  alkalies 
for  the  fluxing  of  this  body  are  added  in  the  form  of 
feldspar. 

Much  feldspar  is  mined  in  this  country  for  potters 
use,  but  all  of  *t  is  the  ortholase  or  potash  feldspar. 

IRON    COMPOUNDS   IN    CLAYS. 

Iron  is  not  simply  a  fluxing  impurity,  but  it  is  also 
the  great  coloring  agent  of  clays  in  either  their  burned 
or  unburned  condition,  and  furthermore  when  in  the 
form  of  the  hydrated  oxide  or  limonite  it  may  serve 
to  increase  the  absorbtive  power  of  clay.     * 

The  compounds  in  which  iron  may  exist  in  the  clays 
are  as  follows:  Oxides: — limonite,  hematite,  magne- 
tite, Umenite.  Silicates: — mica,  hornblende,  garnet, 
etc.  Sulphides : — pyrite  and  marcasite.  Sulphate : — 
melanterite.     Carbonate : — s^derite. 

The  iron  oxides,  limonite  and  hematite,  are  present 
in  all  clays,  and  may  be  introduced  by  percolating 
waters  or  be  set  free  by  the  decomposition  of  any  of 
the  iron-bearing  silicates  which  the  clay  may  contain. 
Not  infrequently  they  are  distributed  through  the 
clay  in  a  very  finely  divided  condition,  or  may  form  a 
thin  film  around  the  other  mineral  grains.  Limonite 
-tends  to  color  the  clay  (unburned)  brown  or  yellow, 
while  hematite  imparts  a  red  color  to  it,  and  carbon- 
ate of  iron  may  give  gray  tints. 

The  more  sandy  the  clay  the  less  the  amount  of  the 


*  A.  E.  Smith,  Alabama  Geological  Survey,  Agricultural  Report,  p.  46. 
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limonite  required  to  produce  any  given  intensity  of 
color. 

Mica -is  found  in  most  clays,  and  hornblende  and 
garnet  are  probably  wanting  in  few,  while  the  pyrite 
is  often  present  in  many  clays,  especially  in  stoneware 
and  fire  clays,  its  yellow,  glittering,  metallic  particles 
being  easily  recognizable.  When  large,  the  lumps  of 
pyrite  can  be  extracted  by  hand-picking,  but  if  very 
small,  they  can  only  be  separated  by  washing.  Un- 
der weathering  influences  the  pyrite  changes  to  sul- 
phate of  iron.  •  In  all  of  the  iron-bearing  minerals  ithe 
iron  is  present  in  either  the  ferrous  or  the  ferric  stage 
of  oxidization,  and  the  fusibility  of  the  clay  is  in- 
fluenced somewhat  by  this  fact,  for  ferrous  com- 
pounds are  more  easily  fusible  than  ferric  ones.  In 
the  burning  of  the  clay  the  ferrous  salt  will  be  con- 
certed into  the  ferric  state,  provided  the  action  of  the 
fire  is  oxidizing.  But  if  it  is  reducing  the  clay  will 
fuse  at  a  lower  temperature. 

The  action  of  weathering  agent  in  nature  is  often 
sufficient  to  oxidize  the  iron  in  clays  so  that  more 
ferric  than  ferrous  iron  will  be  found  in  most  of  them. 
This  change  is  often  noticeable  in  many  clay  banks 
where  the  upper,  and  at  times  more  porous  layers,  are 
colored  red  or  yellow,  while  the  lower  layers  ^re  blue 
or  bluish  gray. 

It  should  be  noticed,  however,  that  a  gray  color  may 
be  produced  by  the  presencce  of  organic  matter,  and 
the  same  material  present  in  a  dense  clay,  to  which 
the  air  can  not  get  access,  may  serve  to  retard  the  oxi- 
dation of  the  iron.  Whenever  iron  exists  in  clay  in 
combination  with  s;lica  it  is  present  probably  as  a 
complex  silicate,  for  pure  ferric  silicate  is  very  rare 
in  nature. 

Ferric  hydrate  increases  the  absorbing  power  of 
clay  for  both  gases  and  liquids,  but  it  as  well  as  the 
carbonate  change  to  the  oxide  in  burning. 

The  general  tendency  in  burning  is  to  convert  the 
iron  compounds  into  ferric  oxides,  provided  a  certain 
temperature,  depending  on  the  fusibility  of  the  clay, 
is  not  exceeded,  for  in  every  clay  the  iron  seems  to  re- 
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turn  to  the  ferrous  condition  as  the  point  of  vitrifica- 
tion is  approached.  This  change  is  accompanied  by 
a  liberation  of  oxygen,  which  is  responsible  for  the 
active  swelling  and  blistering  of  the  clay,  which  takes 
place  as  the  point  of  viscosity  is  approached. 

If  treated  to  an  oxidizing  fire,  the  presence  of  fer- 
rous salts  in  clay  may  not  be  considered,  provided  the 
heat  is  raised  high  enough  to  oxidize  them,  but  the 
rapidity  w;th  which  the  temperature  is  raised  is  im- 
portant, for  when  the  heat  is  increased  rapidly  the 
outer  portion  of  the  clay  tends  to  shrjnk  and  become 
dense  before  the  air  has  had  time  to  enter  and  oxidize 
the  iron  in  the  center  of  the  clay  body,  the  latter  re- 
maining in  ferrous  state.  This  is  the  cause  of  black 
cores  sometimes  seen  in  bricks  whose  exterior  is  red. 

Unburned  clay  may  be  yellow,  blue,  brown,  red  or 
gray  in  color,  depending  on  the  relative  amount  of 
ferrous  and  ferric  salts  present,  for  iron  is  the  one  ele- 
ment above  all  others  which  by  itslf  colors  clays. 

The  same  variety  of  shades  and  colors  may  be  pro- 
duced in  burning.  Ferrous  oxide  alone  produces  a 
green  color  when  burned  while  ferric  oxide  alone  may 
give  red  or  purple,  and  mixtures  of  the  two  may  pro- 
duce yellow,  cherry  red1,  violet,  blue  and  black.* 

Segar  found  that  combinations  of  ferric  oxide  with 
silica  had  a  red  or  yellow  color§  wlrle  similar  com- 
pounds of  the  ferrous  salts  showed  blue  or  green. 

The  color  to  which  any  given  clay  burns  may  also 
depend  on  the  intensity  of  the  firing.  Thus  with  mod- 
erate burning  the  iron  may  color  a  clay  yellow  or  yel- 
lowish red,  with  harder  firing  this  will  pass  into  deep 
red,  and  on  still  more  intense  heating  to  blue  or  black, 
this  latter  color  is  to  be  seen  on  breaking  open  the  arch 
brick  in  manv  kilns,  but  the  surface  of  these  same 
brick  may  also  get  black,  due  to  ashes  and  cinders 
from  the  fire  sticking  to  them. 

The  amount  of  ferric  oxide  permissible  or  desirable 
depends  on  the  use  to  which  tfhe  clay  is  to  be  put. 


•Keramik,  p.  256. 

f  Xotizblatt,  1874,  p.  16. 
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The  clays  which  are  used  for  making  white  ware 
should  not  contain  over  one  per  cent  ferric  oxide. 
And  those  with  even  three-quarters  of  one  per  cent, 
are  apt  to  burn  grayish  at  a  high  temperature,  such 
as  2700  deg.  Fahr.  It  is  true  that  'the  reddish  color- 
ation of  a  small  percentage  of  iron  would  be  neutral- 
ized if  any  excess*  of  carbonate  of  lime  were  present, 
but  in  this  case  even  we  should  not  get  a  pure  white 
tint,  but  a  yellowish  one. 

Brick  clays  should  contain  sufficient  iron  oxide 
to  give  a  good  red  color  to  the  ware  when  burned. 

The  bleaching  of  the  iron  coloration  by  the  presence 
of  lime  w'll  be  mentioned  later,  an  excess  of  alumina 
also  tends  to  exert  a  decolorizing  action  upon  the  iron 
contained  in  the  clay. 

LIMB   IN   CLAYS. 

Lime  is  a  most  wide-spread  constituent  of  clays,  and 
occurs  either  in  a  finely  divided  state  or  else  in  the 
form  of  pebbles.  An  excess  of  lime  in  the  clay  in  the 
former  condition  causes  it  to  pass  into  marl,  and  in 
certain  regions  such  clays  are  extiemely  abundant. 

Line  may  occur  in  clays  either  as  a  constituent  of 
silicate  minerals  such  as  feldspar;  in  the  form  of  car- 
bonate as  exampled  by  calcite  or  dolomite;  or  thirdly 
it  may  be  present  as  a  sulphate,  which  is  the  mineral 
gypsum. 

The  first  two  classes  of  compounds  include  minerals 
which  are  primary  constituents  of  the  clay,  but  the 
third  type,  gypsum,  is  usually  of  secondary  origin,  be- 
ing the  result  of  chemical  processes,  wlrch  took  place 
in  the  clay  mass. 

The  conditioh'of  lime  is  important,  for  in  one  case, 
it  may  be  desirable,  and  in  another  it  may  do  injury. 

The  presence  of  lime  as  a  constituent  of  some  silicate 
mineral  is  not  infrequent,  especially  if  the  clay  has 
been  derived  wholly  or  in  parU  from  crystalline  rocks, 
such  as  gneisses  and  granites.  The  common  feldspar, 
orthoclase,  contains  no  lime,  but  the  other  species  of 
feldspar  do,  and  in  addition  there  are  other  lime  bear- 
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ing  silicates  which  are  apt  to  be  met  with  in  most  of 
the  impure  clays. 

When  present  as  a  silicate,  lime  acts  as  a  flux,  and 
is  less  liable  to  exert  a  decolorizing  action  on  the  clay 
than  carbonate  of  lime.  Bleaching  action  is  caused 
by  the  formation  of  a  double  silicate  of  iron  and  lime, 
when  the  clay  reaches  a  (temperature  approaching  vit- 
rification, and  the  color  developed  is  either  yellow,  or 
yellowish  green,  according  to  the  intensity  of  the 
firing. 

Carborate  of  lime  is  an  abundant  constituent  of 
some  clays,  and  its  presence,  if  over  three  or  four  per 
cent,,  can  usually  be  detected  by  the  effervescence 
which  is  producd  when  muriatic  acid  is  poured  on  the 
clay.  This  compound  of  lime  is  far  more  injurious 
than  the  silicate,  although,  if  present  in  th£  clay,  in  a 
finely  divided  condition,  it  may  not  only  be  harmless 
but  even  desirable,  provided  there  is  not  an  excess  of 
it,  for  clays  with  as  much  as  twenty  to  twenty-five  per 
cent,  of  lime  carbonate  have  been  used  for  making 
common  or  even  pressed  brick  and  somtimes  earthen- 
ware. It  is  well,  however,  to  try  and  keep  the  amount 
lower  than  this  if  possible.  Highly  calcareous  clays 
have  often  found  a  use  in  making  of  slip  glazes. 

If  the  carbonate  of  lime  is  present  in  the  form  of 
pebbles,  a  most  undesirable  effect  is  produced,  for  it 
is  well  known  that  when  heated  to  redness,  the  com- 
pound is  broken  up  into  oxide  of  lime  and  carbonic 
acid  gas ;  this  oxide  of  lime,  when  cooled,  absorbs  mois- 
ture from  the  atmosphere  and  slakes,  the  result  being 
a  swelling  of  the  material  and  a  consequent  splitting 
of  the  brick.  Now  if  the  clay  be  heated  to  a  tempera- 
ture sufflcent  to  decompose  the  carbonate  of  lime,  but 
not  high  enough  to  make  it  unite  with  any  free  silica 
present,  the  lime  of  course  slakes  on  cooling.  It  is  con- 
sequently imporatnt  either  to  burn  the  clay  sufficently 
or  remove  the  lime  pebbles  from  the  clay  by  screening 
or  by  some  other  method  before  using. 

For  a  high  grade  ware,  calcareous  clays  are  seldom 
employed,  but  in  the  manufacture  of  brick  and  terra- 
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cotta,  they  are  frequently  utilized  either  because  no 
others  are  available  or  to  obtain  a  buff  colored  ware. 

Some  soft  body  porcelains  have  an  appreciable 
amount  of  lime,  much  of  the  Hungarian  containing 
from  five  to  fifteen  per  cent,  of  CaO.*  The  bone  china 
made  in  England  at  the  present  day  also  contains 
lime  and  some  white  earthen  ware  manufacturers  use 
lime  instead  of  feldspar. 

Much  buff  ware  is  now  made  from  semirefractory 
clays,  which,  on  account  of  their  low  percentage  of 
iron,  burn  to  a  creamy  color. 

The  one  objection  ito  highly  calcaeous  clays  is  that 
the  points  of  incipient  fusion  and  vitrification  (see 
Fusibility  of  Clays)  lie  so  close  together  that  it 
is  not  safe  to  burn  them  hard  without  running 
the  risk  of  fusing  them.  Experiments  have  shown 
however,  that  it  is  possible  to  separate  these  two 
points,  by  the  addition  of  quartz  and  feldspar  to  the 
clay,  of  sand  containing  a  large  percentage  of  these 
two  minerals. 

In  addtion  to  lowering  the  fusibility  of  clay,  lime 
also  affects  the  fusion  and  absorptive  power,  thus 
Segar  found§§  that  limy  or  marly  clays  required  us- 
ually only  twenty  to  twenty-four  of  water  to  convert 
them  from  a  dry  condition  to  a  workable  mass,  where- 
as other  clays  needed  twenty-eight  to  thirty  per  cent, 
of  water  to  accomplish  the  same  result.  In  burning 
the  calcareous  clays  have  not  only  their  combined 
water  to  lose,  but  also  the  carbonic  acid  gas,  and  con- 
sequently the  bricks  are  more  apt  to  be  light  and  po- 
rous unless  they  can  be  burned  to  vitrification.  The 
shrinkage  of  calcareous  clays  is  also  less  than  that  of 
others,  and  it  sometimes  happens  that  this  shrinkage 
is  not  only  zero,  but  that  the  brick  even  swells. 

Many  clays  contain  lime  in  the  form  of  gypsum,  the 
hydrated  sulphate  of  lime.  It  generally  results  from 
the  action,  on  carbonate  of  lime,  of  sulphuric  acid  set 
free  by  the  oxidation  and  leaching  of  pyrite  in  the  clay^ 

*Sprechsaal,  1896,  p.  2. 
gHeeht,  Thonlndustrle  Zletung. 
gg  Thonlndustrle  Zletung,  1877,  p.  181. 
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When  in  large  amounts,  gypsum  discloses  its  presence 
by  the  formation  of  transparent  crystals  or  crystallne 
masses,  whose  surface  shows  a  pearly  lustre;  at  other 
times  it  forms  as  parallel  fibres  which  fill  cavities  or 
cracks  in  the  clay.  Gypsum  may  prove  to  be  a  very 
injurious  impurity  even  when  in  small  amounts,  es- 
pecially if  the  clay  is  not  burned  to  vitrification. 

In  the  first  place  it  serves  as  a  fluxing  impurity, 
secondly,  it  is  diissociated  at  high  temperatures, 
and  the  escape  of  the  sulphuric  acid  causes  blistering 
of  the  ware,  and  thirdly,  although  nearly  insoluble  in 
water,  nevertheless  small  amount  of  it  may  be  brought 
to  the  surface  of  the  ware  in  solution  by  the  evapora- 
tion of  water  and  there  left  in  the  form  of  a  white  coat- 
ing. 

Kaolins  commonly  have  very  little  lime,  but  in  many 
common  brick  and  stone  ware  clays,  it  frequently 
ranges  from  one  to  three  per  cent. 

MAGNESIA   IN   CLAYS. 

Magnesia  is  a  constituent  of  many  minerals,  and  yet 
it  seldom  occurs  in  large  quantities,  the  amount  in 
most  of  them  rarely  exceeding  two  per  cent. 

It  may  occur  in  the  same  classes  of  compound  as 
lime  i.  e.  silicates,  such  as  mica,  chlorite,  hornblende 
and  pyroxene;  in  carbonates,  such  as  dolomite  and 
magnesite;  and  in  sulphates,  such  as  epsom  salts. 

The  silicates  are,  no  doubt,  the  most  important 
source  of  magnesia,  for  mica,  chlorite,  and  hornblende 
are  all  common  constituents  of  the  more  impure  clays. 
They  are  scaly  minerals  of  complex  composition  and 
contain  from  1  to  25  per  cent,  of  magnesia.  The 
mica  is  frequently  to  be  noticed  in  the  sandy  seams  of 
the  clay,  while  the  other  portions  of  the  deposit  may 
be  quite  free  from  it.  Hornblende  and  pyroxene  are 
to  be  looked  for  mostly  in  clays  derived  from  the  dark 
colored  igneous  rocks,  and  indeed  the  two  latter  min- 
erals not  only  furnish  magnesia,  but  by  their  decom- 
position furnish  also  iron  oxide  to  the  clay. 

Dolomite,  the  double  carbonate  of  lime  and  mag- 
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nesia,  may  be  present  in  some  clays  derived  from  mag- 
nesian  limestone,  while  the  sulphate  of  magnesia  or 
epsom  salts  when  present,  may  aid  in  the  formation 
of  a  white  coating  on  the  surface  of  the  ware;  its  pre- 
sence can  sometimes  be  detected  by  the  bitter  taste 
which  it  imparts  to  the  clay. 

The  effects  of  magnesia  in  clays  are  considered  to  be 
the  same  as  those  produced  by  lime. 

SILICA     IN    CLAYS. 

Three  types  of  silica  may  be  recognized  in  clay,  i.  e. 

1st.     Quartz. 

2nd.  That  which'  is  combined  with  alumina  and 
water  in  kaolinite. 

3rd.  That  which  is  combined  with  one  or  more 
bases,  forming  silicate  minerals,  such  as  feldspar, 
mica,  etc. 

In  chemical  analysis  the  first  and  third  are  some- 
times  grouped  together  under  the  name  of  sand,  jr  at 
times  erroneously  spoken  of  as  free  silica. 

The  sand  is  practically  insoluble  in  sulphuric  acid 
and  caustic  soda  and  this  fact  is  utilized  in  the  ration- 
al analysis  of  clay. 

Few  clays,  so  far  as  known,  are  free  from  quartz, 
but  it  is  present  in  variable  amounts  in  different  ones. 
A  minimum  of  .2  of  one  per  cent,  has  been  recorded 
from  Jfew  Jersey*  while  the  average  in  the  Wood- 
bridge  fire  clays  is  five  per  cent. 

In  the  Missouri  flint  clays,  a  minimum  of  .5  of  one 
per  cent.,  is  recorded,  while  the  sand  percentage  is  20 
to  43  per  cent,  in  the  St.  Louis  fire  clays,  and  20  to  50 
per  cent,  in  the  Loess  clays.  § 

27  samples  of  Alabama  clays  contained  from  5  to  50 
per  cent,  of  insoluble  residue. 

70  North  Carolina  clays  had  from  15.75  per  cent. 
to  70.43  per  cent,  of  insoluble  residue. 

In  European  clays  similar  variations  are  observ- 
able.    The  most  important  effect  of  silica  or  sand  is 

*G.  H.  Cook,  Clays  of  New  Jersey,  1878,  p.  273. 
§  Wheeler,  Missouri  Geological  Survey,  XI,  page  04. 
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that  as  it  increases  the  plasticity,  tensile  strength,  and 
air  shrinkage  tend  to  decrease.  In  fact  silica  es- 
pecially if  present  abundantly  in  large  grains,  may 
cause  an  expansion  of  the  clay  in  burning. 

Quartz  serves  as  a  flux  at  very  high  temperatures, 
but  at  lower  ones  it  tends  to  increase  the  refractori- 
ness of  the  clay,  and  this  property  is  governed  some 
what  by  the  size  of  the  quartz  grains  and  the  amount 
of  fluxing  material  which  will  fuse  at  lower  tempera- 
tures. 

Sand  acts  as  a  diluent  of  the  shrinkage  in  air  drying 
and  also  in  burning  up  to  a  certain  point  depending 
upon  the  fusiblity  of  the  constituent  grain. 

In  the  burning  of  low  grade  clay,  the  quartz  grains 
tend  to  act  as  a  skeleton  and  preserve  the  form  of  the 
mass,  while  the  fluxing  impurity  by  their  fusion  bind 
the  whole  together. 

TITANIC    ACID    IN   CLAYS. 

Titanium  generally  occurs  in  clays  in  the  form  of 
the  mineral  rutile  (titanic  oxide).  It  has  always 
been  looked  upon  as  a  rare  element  and  a  non-detri- 
mental impurity,  but  the  idea  of  its  rarity  has  pro- 
bably resulted  from  the  fact  that  it  is  not  commonly 
determined  or  looked  for  in  the  ordinary  quantitative 
analysis.  Its  effect  on  the  fusibility  of  clay  has  never 
been  thoroughly  understood,  although  it  has  seemed 
probable  that  its  action  was  somewhat  analogous  to 
that  of  silica. 

The  experiments  of  Seger  have  indicated  that  when 
a  hundred  parts  of  kaolin  and  6.65  per  cent  titanic 
oxide  were  heated  to  above  melting  point  of  wrought 
iron,  the  resulting  mass  was  densely  sintered,  and 
showed  a  dark  blue  fracture. 

13.3  per  cent,  added  to  a  hundred  parts  of  kaolin 
gave  a  deep  blue  enamel  at  the  same  temperature, 
while  an  equal  amount  of  kaolin  with  the  addition  of 
10  per  cent,  of  silica  burned  to  a  snow  white  mass  at 
the  same  temperature  and  did  not  fuse.  From  this  it 
will  be  seen  that  the  actions  of  titanium  and  silica  at 
high  temperatures  are  not  exactly  alike. 
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ORGANIC   MATTER    IN    CLAYS. 

Organic  matter  affects  not  only  the  color  of  clay  but 
also  its  plasticity,  absorptive  power  and  tensile 
strength. 

It  is  present  in  clays  either  in  the  form  of  finely 
divided  pieces  of  plant  tissue  or  larger  fragments  of 
stems  or  leaves,  which  settled  in  the  clay  during  its 
deposition,  and  have  since  become  wholly  or  partly 
converted  into  lignite.  All  surface  clays  contain 
plant  roots,  but  these  exert  little  effect  other  than  to 
aid  the  percolation  of  surface  waters. 

Clays  colored  by  organic  matter  and  containing  no 
iron,  burn  white,  as  the  plant  tissue  burns .  off  at 
bright  redness;  if  such  a  clay,  however  be  heated  too 
quickly,  the  surface  of  it  becomes  dense  before  all  of 
the  organic  matter  has  had  opportunity  to  escape  from 
the  interior,  and  the  latter  remains  dark  colored. 

Organic  matter  may  also  mask  the  presence  of  iron 
so  that  the  clay,  instead  of  burning  white,  will  burn 
red  at  a  temperature  of  above  that  at  which  the  or- 
ganic matter  passes  off,  below  that  temperature  the 
vegetable  matter  will  tend  to  keep  the  iron  reduced. 
The  clay  from  Fernbank,  Lamar  County,  Alabama, 
contains  6.40  per  cent  of  ferric  oxide,  and  2  to  2\ 
per  cent  of  organic  matter,  but  in  the  raw  material,  the 
latter  hides  the  former.  Organic  matter  exercises  an 
important  influence  on  the  plasticity,  often  increasing 
it  to  an  enormous  degree,  it  also  tends  to  elevate  the 
tensile  strength,  the  clay  just  mentioned  showing  185 
pounds  per  square  inch,  but  high  plasticity  does  not 
always  indicate  the  presence  of  much  organic  mate- 
rial. 

In  the  wreathering  of  clays  organic  matter  by  its 
slow  oxidation,  aids  in  breaking  them  up  by  the  es- 
cape of  the  carbonic  acid  gas. 

WATER    IN    CLAYS. 

All  clays  contain  two  kinds  of  water : — 
1st.     Hygroscopic  water  or  moisture  (mechanically 
absorbed ) . 
2nd.     Chemically  combined  water. 
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The  moisture  in  air  dried  clays  may  be  as  low  as  .5 
per  cent,  and  reach  30  to  40  per  cent,  in  those  freshly 
taken  from  the  bank.  In  the  air  dried  specimens  in 
the  Alabama  samples  tested,  it  varied  from  .12  per 
cent,  to  3.4  per  cent. 

In  air  drjn'ng  most  of  the  moisture  is  expelled,  and 
this  is  accompanied  by  a  shrinkage  of  the  clay,  which, 
in  the  case  of  the  Alabama  samples,  was  usually  from 
2  to  7  per  cent.,  but  in  one  case  it  reached  14  per  cent. 

The  air-shrinkage  of  the  clay  ceases  however  before 
all  the  moisture  passes  off,  the  reason  for  this  being 
that  the  shrinkage  ceases  when  the  clay  particles  have 
come  in  contact  with  each  other,  but  there  may  still 
remain  spaces  between  them  which  hold  the  water  by 
capillarity,  and  the  brick  will  contiue  to  lose  weight 
but  not  in  size,  until  all  of  this  water  has  been  driven 
off. 

In  practice  it  is  this  latter  portion  of  the  moistu»e 
that  evaporates  during  the  first  period  of  the  burning 
known  as  water  smoking. 

The  air  shrinkage  of  a  clay  varies  with  the  nature 
of  the  material.  „  Sandy  clays  usually  show  the  least 
shrinkage,  and  of  this  kind  the  coarse  grained  ones 
diminish  the  least  in  size,  while  highly  plastic  clays 
usually  show  a  high  contraction  in  volume. 

.  The  amount  of  water,  which  a  dry  clay  needs  to 
develop  its  maxium  plasticity  is  a  variable  quantity. 
Plastic  clays  absorb  a  large  amount,  but  a  lean  clay 
and  fine  grained  one  may  do  the  same.  As  a  very  gen- 
eral rule  it  may  be  stated  that  lean  clays  absorb  from 
twelve  to  twenty  per  cent,  of  water,  while  fat  clays 
anywhere  from  twenty  to  fifty  per  cent.,  and  the  more 
water  a  clay  absorbs  the  more  it  has  to  part  with  in 
drying  and  the  greater  will  be  its  shrinkage. 

If  green  ware  is  dried  too  rapidly  it  may  split,  not 
only  from  differential  shrinkage  between  the  exterior 
and  the  interior  surface,  but  the  rapid  escape  of  steam 
may,  in  the  first  stage  of  the  burning,  tend  to  burst 
the  ware. 

Highly  aluminous  clays  do  not  always  absorb  the 
most  water,  nor  are  they  the  most  plastic,  and  some 
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clays  low  in  alumina  and  high  in  organic  matter  are 
not  only  highly  plastic  but  also  absorb  a  large  quanti- 
ty of  water. 

In  the  manufacture  of  clay  products  the  moisture 
is  partly  expelled  by  exposing  the  ware  to  the  sun  or 
putting  it  in  heated  tunnels  or  rooms,  while  the  last 
traces  of  moisture  a~e  driven  off  in  the  early  stages  of 
burning. 

Moisture  may  play  another  important  and  injurious 
role  in  clay  working  by  its  tendency  to  dissolve  the  sol- 
uble salts  in  the  clay  and  bring  them  to  the  surface  in 
drying,  where  they  are  left  in  the  form  of  a  white 
coating.  It  may  also  permit  the  acids  which  are  con- 
tained in  the  fire  gases  of  the  kiln,  to  act  on  the  min- 
eral ingredients  of  the  clay,  and  thus  form  soluble 
compounds,  especially  clorides  and  sulphates. 

Combined  water  is  present  in  every  clay.  In  pure 
kaolin  there  is  nearly  14  per  cent,  of  it,  in  other  clays 
the  percentage  depends  on  the  amount  of  clay  base  and 
the  presence  of  other  hydrated  minerals,  such  as 
limonite. 

Combined  water  is  driven  off  at  a  low  red  heat,  and 
when  this  occurs  the  clay  suffers  an  additional  shrink- 
age. It  is  a  curious  fact  that  although  the  combined 
water  does  not  determine  the  degree  of  plasticity  of 
the  clay,  nevertheless  when  once  driven  off  the  clay 
can  no  longer  be  rendered  plastic.  The  greater  the 
amount  of  combined  water,  the  greater  the  shrinkage, 
and  in  the  burning  the  Alabama  clays  it  varied  from 
2£  to  12  per  cent. 

PHYSICAL  PROPERTIES  OP  CLAYS. 

These  are  fully  as  important  as  chemical  ones,  if 
not  more  so,  plasticity  for  instance  being  a  character 
of  enormous  value. 

The  physical  characters  which  are  of  the  most  im- 
portance from  the  practical  standpoint,  are  plasticity, 
fusibility,  shrinkage,  tensife  strength,  slaking,  absorp- 
tion and  density.    . 
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PLASTICITY. 

This  is  the  property  by  virtue  of  which  a  clay  can  be 
moulded  into  any  desired  form  when  wet,  which  shape 
is  retained  by  it  when  dry. 

Just  what  the  cause  of  plasticity  is  still  remains  to 
be  definitely  proven,  although  several  theories,  some 
of  them  v£ry  reasonable  ones,  have  been  advanced.  It 
is  an  exceedingly  variable  property  and  we  can  find  all 
stages  in  the  transition  from  the  highly  plastic  clay 
to  the  slightly  coherent  sand.  Clays,  which  posses 
little  plasticity  are  said  to  be  lean,  while  highly  plastic 
ones  are  called  fat. 

Pure  or  nearly  pure  kaolins  are  nearly  always  lean, 
while  clays  low  in  kaolinite  may  be  highly  plastic,  thus 
for  instance  the  clay  from  Chalk  Bluff,  and  the  stone- 
ware from  Prattville,  containing  respectively  36.50 
and  26.98  per  cent,  of  alumina  are  both  lean,  while  the 
clays  from  Fayette  Court  Hous«e  and  Fernbank  con- 
taining only  19.68  and  13  per  cent,  of  alumina  respec- 
tively are  both  highly  plastic. 

Cook  has  shown  that  the  plasticity  of  some  kaolins 
may  be  increased  by  grinding  them,  the  result!  being 
to  tear  apart  the  little  particles  of  clay  which  were 
bunched  or  clustered  together  and  thus  permit  a  great- 
er mobility  of  the  grains  or  scales  of  clay  over  each 
other. 

Mica  decreases  the  plasticitv  of  clay,  and  if,  in  a 
finely  divided  condition,  tends  to  make  it  flaky  when 
wet. 

Plasticity,  whatever  its  cause,  is  an  important  pro- 
perty from  a  commercial  standpoint  and  highly  inter- 
esting from  a  scientific  one.  The  amount  of  water  re- 
quired to  develop  the  maximum  plasticity  varies.  If 
too  little  is  added  the  clay  cracks  in  moulding  and  is 
stiff  and  hard  to  work;  if  to6  much  is  mixed  in  ^with 
the  clay  it  becomes  very  soft  and  retains  its  shape  with 
difficulty.  Lean  clays  usually  require  less  water  to 
produce  a  workable  mass  than  plastic  ones. 

The  Alabama  clays  require  froin  25  to  30  per  cent, 
of  water  to  develop  their  maximum  plasticity. 
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TENSILE     STRENGTH. 

The  tensile  strength  or  the  binding  power  of  a  clay 
often  stands  in  relation  to  its  plasticity,  but  not  al- 
ways. It  exerts  an  important  effect  in  connection 
with  the  cracking  of  the  ware  in  drying.  The  com- 
mon method  of  determining  it  is  to  form  the  plastic 
clay  into  briquettes  of  the  same  shape  as  those  used  in 
the  testing  of  cement.  When  air-dried  they  are  tested 
in  the  regular  cement  testing  machine,  and  their  ten- 
sile strength  per  square  inch  is  determined.  Before 
breaking,  the  cross  section  of  the  briquette  must  be 
carefully  measured,  as  the  clay  shrinks  in  drying  and 
the  tensile  strength  per  square  inch  has  to  be  calcu- 
lated from  this  sectional  area.  , 

The  tensile  strength  of  air-dried  clays  is  extremely 
variable.  In  kaolins  it  is  from  5  to  10  pounds  per 
square  inch ;  in  brick  clays  60  to  75  pounds  per  square 
inch  and  even  100  pounds ;  in  pottery  clays  from  150 
to  175  pounds. 

Some  very  plastic  clays  show  as  much  as  200  and 
300  pounds  per  square  inch,  and  a  tensile  strength  of 
even  400  pounds  has  been  recorded. 

The  strongest  Alabama  clay  were  the  highly  plastic 
one  from  Chalk  Bluff,  which  had  a  maximum  tensile 
strength  of  384  pounds  per  square  inch,  while  the 
Choctaw  County  one  showed  only  5  pounds  per  square 
inch. 

The  Alabama  clays  were  all  ground  and  passed 
through  a  thirty  mesh  sieve  before  testing. 

Very  fine  grained  clays  seem  to  be  lacking  in  tensile 
strength  as  they  are  in  plasticity. ' 

SHRINKAGE. 

All  clays  undergo  a  shrinkage  in  drying  and  an  ad- 
ditional shrinkage  in  burning,  the  first  is  known  as 
air  — ,  the  second  as  fire-shrinkage.  Some  clays  shrink 
most  in  drying,  others  most  in  burning,  and  conse- 
quently the  amount  is  variable  and  depends  on  the 
amount  of  water  absorbed,  on  the  amount  of  lime  in 
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the  clay,  the  quantity  of  organic  matter,  the  size  of  the 
grain,  and  the  amount  of  combined  water. 

The  amount  of  water  absorbed,  and  the  texture  in- 
fluence the  air-shrinkage  which  begins  as  soon  as  the 
water  commences  to  evaporate  from  the  clay.  It  has 
already  been  mentioned  that  a  clay  keeps  on  losing  in 
weight  after  the  shrinkage  has  ceased,  and  this  fact  is 
well  shown  by  the  following  experiments  on  some  Ala- 
bama samples. 

The   clay   was    from  property  of  J.  C.  Bean,  Sec.  31,  T.  20, 
R.  11  w. 

After  moulding,  the  clay  weighed 35.698  grams. 

At  end  of  24  hours  the  shrinks ge  was  11} 

percent,  and  the  weight 30.891        *' 

At  end  of  48  hours,  shrinkage  12  per  cent., 

weight 29.588        " 

At  end  of  6  day*,  shrinkage  12  per  cent., 

weight 29.460        " 

At  end  of  8  days,  shrinkage  12  per  cent., 

weight 29.140        " 

At  end  of  12  days,  shrinkage  12  per  cent., 

weight 29.093        " 

Throughout  this  period  the  clay  was  kept  exposed  to  a  temper- 
ture  of  70°  Fahr. 

The  shrinkage  is  generally  equal  in  all  three  direc- 
tions, and  consequently  only  the  linear  shrinkage  is 
given.  The  greater  the  shrinkage  of  a  clay  the  more 
danger  there  is  of  its  cracking  and  warping  in  burn- 
ing, and  when  there  is  any  apprehension  that  this  may 
occur,  an  attempt  is  made  to  prevent  ft  by  the  addition 
of  grog  (burned  clay)  which  diminishes  the  shrinkage. 

Coarse  grain  clays  having  larger  pores  permit  the 
water  to  escape  more  rapidly,  and  hence  can  be  dried 
more  quickly  than  fine  grained  ones,  from  which  the 
water  can  not  very  readily  escape.  If  the 
drying  of  fine  grained  clays  is  hastened,  the  surface 
shrinkage  is  more  rapid  than  that  of  the  interior  and 
cracking  ensues.  We  might  perhaps  expect  that  on 
account  of  their  greater  porosity,  the  fine  grained 
clays  would  absorb  more  water,  and  consequently 
shrink  more  in  drying,  but  the  Alabama  clays  do  not 
always  bear  out  this  fact. 

The  fire  shrinkage  generally  commences  when  the 
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combined  watefc  begins  to  pass  off,  and  it  may  be  just 
as  variable  as  the  air  shrinkage.  In  fine  grained  clays, 
as  those  from  near  Prattville,  the  shrinkage  from 
burning  was  found  to  be  comparatively  uniform, 
while  on  the  other  hand  moderately  fine  grained 
kaolin  from  Rock  Run  shrank  more  rapidly  as  it  ap- 
proached the  temperature  of  vitrification. 

Sometimes  the  clay  instead  of  shrinking  during  the 
burning  appears  to  expand ;  and  this  is  especially  the 
case  with  very  quartzose  ones,  for  the  quartz  has  the 
property  of  expanding  at  high  temperatures.  This 
expansion  of  siliceous  clays  may  sometimes  be  respon- 
sible for  the  presence  of  cracks  in  the  burned  ware. 

As  the  addition  of  quartz  to  diminish  the  shrinkage 
also  tends  to  decrease  the  tensile  strength  of  the  clay, 
there  will  be  a  certain  limit  beyond  which  it  must  not 
proceed. 

Organic  matter  and  combined  water  tend  to  in- 
crease the  shrinkage  in  burning,  but  lime  has  the  opo- 
site  ten  lency. 

Clays  containing  a  large  amount  of  feldspar  will,  in 
stead  of  showing  a  steady  shrinkage  up  to  the  temper- 
ature of  complete  vitrification,  often  exhibit  a  tempo- 
rary increase  of  volume  when  the  fusing  point  of  the 
feldspar  is  reached. 

The  shrinkage  of  most  clays  in  burning  does  »ot 
proceed  regularly  and  steadily  up  to  the  temperature 
of  vitrification,  for  some  clays  attain  their  maximum 
density  at  a  comparatively  low  temperature,  below 
that  at  which  thev  vitrify.  Thus  the  plastic  clay  of  J. 
C.  Bean,  near  Tuscaloosa,  attains  its  maximum 
shrinkage  at  cone  5,  but  does  not  vitrity  until  cone  27. 

Between  the  pointl  at  which  the  moisture  seems  to 
pass  off  and  that  at  which  the  combined  water  begins 
to  escape,  the  clay  shrinks  little  or  none  at  all,  and 
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consequently  the  heat  can  be  raised  rapidly  in  this  in- 
terval, but  above  and  below  these  two  points  it  must 
proceed  slowly  to  prevent  cracking  or  warping  of  the 
ware. 

FUSIBILITY    OF   CLAYS. 

It  can  be  said  in  general,  that  other  things  being 
equal,  the  fusibility  of  a  c!ay  will  increase  with  the 
all  the  fuxing  impurities  do  not  act  with  the  same  in- 
approximate  statement  however,  for  in  the  first  place 
all  the  fluxing  impurities  do  not  act  with  the  same  in- 
tensity, and  of  two  clays  containing  the  same  amount 
and  kind  of  fluxes,  that  one  which  has  the  finer  grain 
will  usually  fuse  at  the  lower  temperature,  in  addition 
to  this  the  condition  of  the  fire,  whether  oxidizing  or 
reducing,  also  exerts  an  effect. 

White  mica  tends  to  increase  the  refractoriness  of 
a  clay,  and  to  exert  very  little  fluxing  action  even  at 
moderatly  high  temperatures. 

As  a  clay  is  gradually  heatjed,  it  not  only  shrinks, 
but  also  begins  to  harden.  At  the  temperature  at 
which  the  combined  water  begins  to  pass  off,  the  im- 
pure clays  acquire  such  a  degree  of  hardness  that  they 
can  no  longer  be  scratched1  by  a  knife;  but  'n  the  case 
of  purer  clays,  the  temperature  must  be  raised  much 
higher  to  obtain  this  same  degree  of  hardness.  This 
condition  is  brought  about  by  the  clay  particles  be- 
ginning to  soften  under  the  action  of  the  heat,  in  other 
words  it  represents  the  very  first  stages  of  melting  or 
incipient  fusion,  and  in  this  condition  the  clay  parti- 
cles stick  to  each  other,  and  bind  the  whole  together 
into  a  solid  mass.  In  clays  which  have  been  burned  to 
incipient  fusion,  th<  particles  are  however  still  rec- 
ognizable. If  the  temperature  be  increased,  a  vari- 
able amount,  depending  upon  the  clay,  the  result  is 
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that  all  of  the  particles  become  sufflcently  soft  to  per- 
mit their  adjustment  into  a  condition  of  greater  com- 
pactness, leaving  no  interspaces,  or  in  other  words, 
the  clay  becomes  impervious.  This  condition  is 
spoken  of  as  virtification,  or  complete  sintering.  The 
particles  of  the  clay  are  no  longer  recognizable,  and 
the  maximum  shrinkage  has  been  reached.  With  a 
further  elevation  of  the  temperature  the  clay  mass 
fusses  completely,  and  becomes  viscous  or  flows. 

We  therefore  can  recognize  three  stages  in  the  burn- 
ing of  the  clay,  i.  e.,  incipient  fusion,  vitrification  and 
viscosity.  * 

The  points  of  incipient  fu3ion  and  viscosity  may  be 
within  75  degrees  Fahr.  of  each  other  as  in  calcareous 
clays,  while  in  some  fire  clays  they  may  be  as  much  as 
500  or  600  degrees  apart,  and  furthermore  the  point 
of  vitrification  does  not  necessarily  lie  midway  be- 
tween the  two. 

Most  clays  show  a  difference  of  from  200  to  400 
degrees  Fahn  between  the  points  just  mentioned,  and 
it  can  be  easily  understood  the  farther  apart  these 
two  points,  the  safer  will  it  be  to  burn  the  clay,  for  it 
is  not  always  possible  to  control  a  kiln  within  a  range 
of  a  few  degrees  of  temperature,  and  therefore  in  burn- 
ing a  mass  of  ware  to  vitrification  if  this  point  lies  too 
near  that  of  viscosity,  there  is  danger  of  overstepping 
it  and  reaching  the  latter. 

The  fusibility  of  a  clay  depends  on : 

1.  The  amount  of  fluxes. 

2.  Size  of  the  grain  of  the  refractory  and  the  non- 
refractory  constituents. 

3.  The  condition  of  the  fire,  whether  oxidizing  or 
reducing. 

•These  three  terms  have  been  suggested  by  H.  A.  Wheeler,  Vitrified 
Paving  Brick,  1895. 
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Attempts  have  been  made  to  express  the  relative 
fusibiliy  of  clays  nuniercally,  and  this  number  has 
been  called  the  refractory  quotient  by  Bishop*  and 
the  fusibility  factor  by  Wheeler.  §  In  both  cases,  the 

figure  is  obtained  by  using  the  non-fluxing  elements 
of  the  clay  for  the  numerator,  and  the  fluxing  impuri- 
ties as  a  denoniinater ;  and  in  the  case  of  the  second 
formula,  the  fineness  of  the  grain  was  also  taken  into 
consideration.  As  this  mode  of  expressing  the  fusi- 
bility has  not  come  into  general  use,  the  reference  is 
simply  given  here. 

On  the  other  hand,  it  is  customary  to  express  the 
fusibility  of  the  clay  in  degrees  of  temperature,  and 
this  temperature  is  measured  by  one  or  another  form 
of  pyrometer,  whose  principle  depends  on  <tfte  fusion 
of  alloys  or  single  metals;  thermo-electricity;  fusion 
of  an  artificial  mixture;  spectro  photometry;  expan- 
sion of  gases  or  solids;  etc.  Many  of  these  are  only 
applicable  ,at  lower  temperatures,  others  are  largely 
influenced  by  the  personal  equation,  and  only  two  or 
three  of  the  most  important  will  therefore  be  mention- 
ed here. 

THE   THERMO-ELECTRIC   PYROMETER. 

Le  Chatelier's  Thermoelectric  pyrometer  depends 
on  the  measurement  of  a  current  generated  by  .  the 
heating  of  a  thermo-pile.  The  latter  consists  of  two 
wires,  one  of  platium,  the  other  an  alloy,  90  per  cent, 
platinum  and  10  per  -cent  of  rhodium,  twisted  together 
at  their  free  ends  for  a  distance  of  about  an  inch,  whUe 
the  next  foot  or  two  of  their  lenth  is  enclosed  in  a  fire 
clay  tube  so  that  wThen  the  couple  is  inserted  into  the 

•Die  Feuerfeaten  Thone,  p.  71,  1876. 

I  English  and  Mining  Journal,  March  10,  1894. 
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furance  only^  the  end  which  is  held  near  the  body 
whose  temperature  is  to  be  measured,  will  receive  the 
full  force  of  the  heat.  The  two  wires  connect  with  a 
galvanometer,  the  deflection  of  whose  needle  increases 
with  the  temperature  at  the  point  of  the  free  end  of  the 
wire  couple.  As  at  present  put  on  the  market,  the 
thermo-electric  pyrometer,  costs  about  $  180  and  this, 
together  with  the  delicacy  of  th3  galvanometer,  has 
tended  to  restrict  its  use.  There  is  no  reason  however 
why  one  should  not  be  made  and  put  on  the  market  for 
a  much  lower  price.  It  is  not  necessary  that  the  re- 
cording instrument  should  be  in  immediate  vicinity 
of  the  kiln,  but  it  may  be  kept  in  another  room  where 
it  is  safe  from  dust  andi  rough  handling,  and  wires  can 
extend  from  there  to  tl  o  kiln.  This  pyrometer  is  con- 
sidered to  be  accurate  to  within  10  degrees  Fihr. 

SEGER   PYRAMIDS. 

These  consists  of  different  mixtures  of  kaolin  and 
fluxes,  which  are  compounded  so  that  there  shall  be 
a  constant  difference  between  their  fusing  points. 
Segar's  series  wTere  numbered  from  one  to  twenty,  and 
the  difference  between  any  twoiconsecutive  numbers 
is  36  degrees  Fahr.  A  later  series  introduced  by  Cra- 
mer runs  from  .01  to  .022  with  a  difference  of  54  de- 
grees Fahr.  between  their  fusing  points, 
and  in  addition  the  higher  numbers  in 
the  Segar  series  have  been  extended  from 
number  twenty  up  to  number  thirty-six.  As  these 
cones  have  been  recently  recalibrated,  the  fusing 
points  of  the  various  numbers  together  with  their 
composition  is  given  herewith.* 


*  Taken  from  a  recently  issued  circular  of  Thon  industrie  Saboratorium  in 
Berlin,  where  the  cones  are  and  were  originally  made. 
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No.  OK 
Oo*B. 


Composition. 


022 


021 


020 


019 


018 


017 


016 


015 


014 


013 


012 


Oil 


010 


00 


0.5  Na,  O 

0.5  Pb  O 
0.5  Na,  O 

0.5  Pb  O 
0.5  Na3  O 

0.5  Pb  O 
0.5  Na,  O 

0.5  Pb  O 
0.5  Na,  O 

0.5  Pb  O 
0.5  Na,  O 

0.5  Pb  O 
0.5  Na,  O 

0.5  Pb  O 
0.5  Na«  O 

0.5  Pb  O 
0.5  Na,  O 

0.5  PbO 
0.5  Naa  O 

0.5  Pb  O 
0.5  Na,  O 

0.5  Pb  O 
0.5  Na,  0 

0.5  Pb  O 

0.3  K,  O 
0.7  Ca  O 
0.3  K,  O 
0.7  Ca  O 


0.1  Al,  0, 
0.2  Al,  O, 
0.3  Al,  O, 
0.4  Al,  0* 
0.5  Al,  0, 
0.55  Al,  0, 
0.6  Al,  Os 
0.65  Al,  0, 
0.7  Al,  Oa 
0.75  Al,  0, 
0.8  Al,  O, 

0.2  Fe,  Os 
0.3  Al,  Os 
0.2  Fe,  O, 
0.3  Al,  Os 


{ 
{ 
{ 
{ 

{ 

{ 
{ 
I 
{ 
{ 
{ 
{ 

{ 
{ 


2  Si  O, 

1       B,  0, 
2.2    Si  O, 

1       B,  O, 
2.4     SI    O, 

1       B,  Os 
2.6     Si  O, 

1        B,  O, 

2.8     Si  O, 

1       B,  O, 

3  Si  O, 

1        B,  O, 

3.1  SI  O, 

1   '   B,  O, 

3.2  Si  O, 

1       B,  O,  . 

3.3  Si  O, 

1       B,  O, 

3.4  Si  O, 

1       B,  O, 

3.5  Si  Os 

1       B,  O, 

8.6  Si  O, 

1       B,  O, 

3.50  Si  O, 

0.50  B,  Os 

3.55  Si  O, 

0.45  B,  Os 


Fusion 
Point 
Cbnt. 


590 


620 


650 


680 


710 


740 


770 


800 


830 


860 


890 


920 


Fusion 
Point 


1094 


1148 


1202 


1256 


1310 


1364 


1418 


1472 


1526 


1580 


1634 


1680 


950 


1742 


970 


1778 


f     ^ 


-****- 


yoa*r 


Y 


3f8*> 


z  +   H         1**° 


*sso 


-   *   >-  lO^O 

^  *    *  1010 

.  ^  Si  0«  U30 


\&*6 


19^2 


-~   ^ 


..*    ^ 


\ 
\ 

\ 


1150 


llfO 


1190 


X95S 


\9»± 


2030 


20«6 


2102 


21^ 


21'4 


»Ai 


>3 


1210 


1230 


91  Oi 


^» 


22lO 


2346 


2262 


Oi 
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No.  or 
Conb. 

Composition. 

7 

0.3  Ka  0 
0.7  Ca  O 

[    0.7  Ala  0, 

7  SI  Oa 

8 

0.3  K,  0,    ^ 

0.7  Ca  O    \ 

.    0.8  Ala  Os 

8  SI  Oa 

9 

0.3  K,  O     ' 
0.7  Ca  O 

►    0.0  Ala  Os 

9  Si  O. 

• 

10 

0.3  E2  O      ' 
0.7  Ca  O 

►    1.0  AIa  Oa 

10  Si  02 

11 

0.3  Ks  O     •- 
0.7  Ca  O     J 

>    1.2  Ala  08 

12  Si  Oa 

12 

0.3  Kf  O      i 
0.7  Ca  O     J 

>    1.4  Ala  O, 

14  Si  O. 

13 

0.3  K,  O     -J 
0.7  Ca  O     J 

>    1.6  Ala  Os 

16  SI  Oa 

14 

0.3  Ka  O     " 
0.7  Ca  O 

►    1.8  Ala  Oa 

18  Si  Oh 

15 

0.3  Ka  O      ] 
0.7  Ca  O      J 

* 

>    2.1  Ala  Os 

21  Si  Os, 

16 

0.3  Ka  O      i 
0.7  Ca  O      J 

►    2.4  Al2  Os 

24  Si  Oa 

17 

0.3  K2  O      1 
0.7  Ca  O     J 

.    2.7  Ala  Os 

27  Si  Oa 

18 

0.3  Ka  O      ] 
0.7  Ca  O     J 

.   3.1  AI2  03 

31   Si  Oa 

19 

0.3  K«  Q      " 
0.7  Ca  O 

►    3.5  Al2  Os 

35  Si  Os 

20 

0.3  K,  O      ^ 
0.7  Ca  O 

►    3.9  Ala  Os 

39  Si  Oa 

Fusion 
Point 
Cent. 


1330 


1350 


1430 


1470 


1490 


Fusion 

Point 

Fahk. 


1270      2818 


1290      2354 


1310      2390 


2426 


2462 


1370      2498 


1890      2534 


1410      2570 


2606 


1450      2642 


2678 


2714 


1510      2750 


1580      2786 
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No  <, 

r\v 

Fusion 

Fusion 

Composition. 

Point 

Point 

^^\jn 

*»• 

Chnt. 

Fahr. 

0.3  K.  O      1 

21 

0.7  Ca  O 
0.3  K,  O 

1    4.4  Al2  0, 

44  SI  0,  . 

1550 

2822 

22 

0.7  Ca  O 
0.3  K>  O 

'    4.0  Al,  0, 

49  SI  0, 

1570 

2858 

28 

0.7  Ca  O 
0.8  K,  O      ] 

[     5.4  Al,  08 

54  SI  Os 

1590 

2894 

24 

0.7  Ca  O     J 
0.8  K,  O      1 

6.0  Al,  Os 

60  SI  O. 

1610 

2930 

25 

0.7  Ca  0     J 
.3'K,  0        1 

.    6.6  Al9  Os 

66  SI  Oa 

1630 

2966 

26 

.7  Ca  0       J 
.3  K,  0        ] 

I    7.2  Ala  0. 

72  SI  0, 

1650 

3002 

27 

.7  Ca  O        J 

.    20  Al.  Os 

200  SI  Os 

1670 

3038 

28 

AlaOs 

10  SI  Oa 

1690 

3074 

29 

Als  Os 

8  Si  0, 

1710 

3110 

30 

• 

Al,  0, 

6  Si  O, 

1730 

3146 

31 

Ala  Os 

5  Si  O, 

1750 

3182 

82 

Al8  O, 

4  Si  0, 

1770 

3218 

33 

Al,  0, 

3  Si  Oa 

1790 

3254 

34 

Al,  O, 

2.5  Si  Oa 

1810 

3290 

35 

Al,  O, 

2  Si  Oa 

1830 

3320 

86 

Al,  0, 

2  Si  Oa 

1850 

3362 

The  theory  of  these  pyramids  is  that  the  cone  bends 
over  as  the  temperature  approaches  its  fusing  point, 
and  when  this  is  reached,  the  tip  touches  the  base.  If 
the  heat  is  raised  too  rapidly,  those  cones  which  con- 
tain much  iron  swell  and  blister  and  do  not  bend  over, 
and  the  best  results  are  obtained  by  the  slow  softening 
of  the  cone  under  a  gradually  rising  temperature. 

For  practical  purposes  these  cones  are  considered 
sufficiently  accurate. 

In  actual  use  they  are  placed  in  the  kiln  at  a  point 
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where  they  can  be  watched  through  a  peep-hole  but 
at  the  same  time  will  not  receive  the  direct  touch  of 
the  flame  from  the  fuel.  It  is  always  well  to  put  two 
or  more  cones  in  the  kiln  so  that  warning  can  be  had 
not  only  of  the  approach  of  the  desired  temperature 
but  also  of  the  rapidity  with  which  the  temperature 
is  rising. 

In  order  to  determine  the  temperature  of  a  kiln  sev- 
eral cones  of  separated  numbers  are  put  in, as  for  ex. 
.07, 1,  and  5.  Suppose  .07  and  1  are  bent  over  in  burn- 
ng  but  5  is  not  affected,  then  the  temperature  of  the 
kiln  was  between  one  and  five;  the  next  time  2,  3,  and 
4  are  put  in,  and  2  and  3  may  be  fused  but  4  remain 
unaffected,  indicating  that  the  temperature  reached 
the  fusing  point  of  three. 

These  pyramids  have  been  much  used  by  foregin 
manufacturers  of  clay  products  and  are  coming  into 
use  in  the  United  States.  Numbers  .01  to  10  can  be 
obtained  for  one  cent  each  from  Prof.  E.  Orton,  Jr., 

Ohio  State  University,  Columbus,  Ohio. 

« 

It  is  rather  difficult  to  compare  the  thermo-electric 
pyrometer  with  Seger  pyramids  and  say  that  either 
one  or  the  other  is  better.  The  latter  are  well  adapted 
to  judge  the  completion  of  the  burning.  That  is  it 
may  take  the  same  amount  of  heat  to  burn  a  certain 
ware  to  the  proper  condition,  as  it  does  to  bend  over 
cone  5,»o  that  when  the  latter  goes  over  the  burning  is 

« 

done. 

The  cones  do  not  however  show  whether  the  temper- 
ature of  the  kiln  is  r'sing  steadily  or  fast  at  one  time 
and  slow  at  another,  or  again  whether  or  not  it  may 
have  dropped  temporarily. 

All  of  these  last  mentioned  conditions  are  shown  by 
•the  thermo-electric  pyrometer,  and  a  comparison  of 
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conditions  during  burning,  with  the  results  obtained, 
may  lead  to  a  discovery  of  those  conditions  that  will 
produce  the  best  product. 

CHEMICAL   EFFECTS    OF   HEATING. 

While  the  fusion  of  a  clay  may  be  looked  upon  in 
part  as  a  chemical  action,  there  are  other  changes 
which  take  place  in  the  clay  before  the  temperature 
of  fusion  is  reached.     These  changes  are : 

The  driving  off  of  the  chemically  combined  water. 

The  burning  of  the  organic  matter. 

The  change  of  limonite  to  hematite  by  the  loss  of 
its  combined  water. 

The  oxidization  of  pyrifce  to  sulphate  which  by 
further  heating  loses  its  sulphur  and  is  also  converted 
into  hematite. 

The  driving  off  of  carbonic  acid  from  any  carbonates 
of  lime  or  magnesia  which  may  be  present. 

The  general  effect  of  these  changes  is  first  to  make 
the  clay  more  porous,  but  subsequently  to  increase  its 
shrinkage,  and  in  addition  the  color  of  the  clay  is 
changed. 

A  chemical  interaction  between  the  components  of 
the  clay  only  begins  with  incipient  fusion. 

SLAKING. 

Clays,  when  thrown  into  water,  break  up  more  or 
less  completely,  or  in  other  words,  they  slake.  The 
process  is  simply  one  of  mechanical  disintegration, 
which,  however,  has  important  practical  bearings. 
Some  homogeneous  clays  on  being  immersed  split  into 
a  number  of  angular  fragments,  while  others  flake  off 
into  scaly  particles,  while  still  others  crumble  down  to 
a  powder.    This  slakipg  action    proceeds    slowly    or 
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quickly  depending  on  the  toughness  op  density  of  the 
clay.  Some  clays  slake  completely  in  two  or  three 
minutes,  while  others  may  be  little  effected  by  an 
immersion  in  water  of  an  hour  or  two. 

The  practical  importance  of  slaking  i»*  noticed  first 
in  the  case  of  clays  which  have  to  be  washed  for  mark- 
eting, for  the  quicker  they  fall  apart  when  they  are 
thrown  into  water,  the  more  rapid  and  sometimes  the 
more  thoroughly  will  be  the  elimination  of  the  impuri- 
ties. 

In  the  tempering  the  easy  slaking  of  a  clay  is  also 
of  importance,  permitting  it  to  be  more  easily  broken 
up  and  the  more  thoroughly  mixed  with  water, 

ABSORPTION. 

This  varies  with  the  amount  of  organic  matter,  fer- 
ric hydrate,  and  the  porosity  of  a  clay,  and  increases 
with  all  three.  As  has  already  been  sta,ted  the  more 
water  a  clay  absorbs  the  more  it  has  to  give  off  in  dry- 
ing and  the  more  difficult  it  is,  especially  in  the  case 
of  fine  grained  clays,  to  avoid  cracking. 

COLOR  OP  UNBURNED  CLAYS. 

Ferric  oxide  and  organic  matter  are  the  two  great 
coloring  agents  of  the  raw  clay.  Organic  matter  gen- 
erally colors  a  clay  gray,  bluish  gray,  or  black,  while 
iron  according  to  the  condition  of  the  oxide,  or  the 
presence  of  carbonate,  may  impart  a  red,  yellow 
brown,  or  sometimes  a  gray  color. 

For  any  given  amount  of  organic  matter  or  ferric 
oxide,  the  coloration  will  be  much  more  intense  the 
more  sandy  the  clay* 

In  general  it  may  be  said  that,  organic  matter  ex- 
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cepted,  the  purer  clays  are  usually  light  colored,  while 
the  impure  ones  are  yellow,  red,  or  brown. 

Organic  matter  however,  frequently  masks  the  iron 
coloration,  and  makes  it  often  difficult 
to  determine  the  refractory  nature  of 
the  material.  (Some  clays  ,  which  burn 
perfectly  white  may  be  colored  black  by  organic 
matter  as  in  the  case  of  the  sand  clay  from  Pegram. 
Ferrous  compounds  not  infrequently  impart  a  gray  or 
bluish  tint  to  clay,  and  at  times  the  lower  part  of  a 
clay  bed  may  be  gray  while  the  upper  portion  is  yellow 
or  red,  due  to  the  oxidation  of  the  iron  contained  in  it, 

THE  MINERALOGY  OF  CLAYS. 

Most  clays  are  so  fine  grained  that  it  is  impossible 
to  determine  the  mineral  constituents  with  the  naked 
eye,  and  their  recognition  even  microscopically,  is 
sometimes  a  matter  of  difficulty.  At  the  same  time 
however,  there  are  certain  minerals,  which  are  either 
present  in  all  clays  or  are  to  be  found  in  a  great  many 
of  them,  and  these  will  be  mentioned  in  the  order  of 
their  abundance. 

KAOLINITB. 

The  mineral  kaolinite  is  looked  upon  as  the  base  of 
all  clays,  and  while  it  is  not  wanting  so  far  as  we  know 
in  any  of  them,  nevertheless,  it  is  not  as  abundant  as 
we  have  been  apt  to  consider  it,  nor  are  the  charact- 
eristic properties  of  clay  wholly  due  to  it. 

Kaolinite,  whose  formula  is  A1208,  2Si02,  2H20,  or 
silica  46.3  per  cent.,  alumina  39.8  per  cent,  water  13.9 
per  cent  is  p  white  scaly  mineral  crystallizing  in  the 
monoclinic  system,  the  crystals  presenting  the  form 
of  small  hexagonal  plates.     Its  specific  gravity  is  2.2 
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to  2.6  and  its  hardness  is  2  to  2£.  It  is  naturally 
white  in  color  and  plastic  when  wet  but  very  slightly 
so.  The  microscope  shows  the  kaolinite  to  be  collect- 
ed in  little  bunches  which  can  be  broken  apart  by 
grinding  and  thereby  increasing  the  plasticity.* 

Kaolinite  is  nearly  infusible  but  a  slight  addition  of 
fusible  impurities  lowers  its  refractoriness.  A  mass 
of  kaolinite  is  called  kaolin,  and  pure  kaolin  is  practi- 
cally unknown. 

Many  kaolins  contain  very  minute  scales  of  white 
mica,  which  under  the  microscope  are  hardly  distin- 
guishable from  kaolinite.  It  is  not  to  be  inferred  that 
kaolinite  always  occurs  in  hexagonal  plates,  for  in 
some  clays  scales  of  six  sided  outline  are  almost  want- 
ing. 

QUARTZ. 

This  mineral  is  present  in  sedimentary  clays  most- 
ly in  the  form  of  rounded  grains,  and  sometimes  in 
crystals,  while  in  residual  clays  the  particles  are  most 
commonly  angular.  It  is  an  extremely  hard  mineral, 
which  will  scratch  glass  and  possesses  a  shell  l,:ke  or 
conchoidal  fracture,  it  is  practically  not  attacked  by 
the  common  acids,  but  is  affected  by  alkaline  solu- 
tions. This  is  one  of  the  few  mineral  components  of 
clay  which,  at  times,  occurs  in  grains  of  sufficient  size 
to  be  recognized  by  the  unaided  eye.  It  may  be  color- 
less but  the  surface  of  the  grain  is  not  infrequently 
stained  by  a  tlrn  film  of  iron  oxide.  Feldspar  might 
be  mistaken  for  it,  but  the  latter  will  not  scratch 
glass. 

Flint  or  non-crystalline  silica  is  sometimes  present 
in  clays.  It  usually  has  a  muddy  color  and  a  con- 
choidal fracture. 


*G.  H.  Cook,  Clays  of  New  Jersey,  Geological  Survey,  1878. 
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No.  OF 
Cone. 

0.3  K,  0    1 

08 

0.7  Ca  0 

Composition. 
i     0.2  Fes  O. 

|      0.3  Ala  O. 

(  3.60  SI  Oa 
\  0.40  B,  Os 

Fusion 
Point 
Cent. 

990 

Fusion 

.Point 

Fahr. 

1814 

07 

0.3  K2  O    " 
0.7  Ca  O 

1     0.2  Fes  O. 
1      0.3  Ala  O, 

£  3.65  SI  Os 
\  0.35  B,  Os 

1010 

1850 

06 

0.3  K,  O    1 
0.7  Ca  O    J 

,      0.2  Fea  Os 
0.3  Ala  0« 

(3.70  SI  Os 
X  0.30  B,  Os 

1030 

18€6 

,05 

0.3  K,  O    ' 
0.7  Ca  O 

1      0.2  Fea  Oa 
1      0.3  Ala  Os 

(  3.75  Si  Os 
X  025  Ba  Os 

1050 

1922 

04 

0.3  K,  O   1 

0.7  Ca  O    J 

,      0.2  Fea  Os 
0.3  Ala  Os 

f  3.80  Si  Oa 
(  O.20  Ba  Os 

1070 

1958 

03 

0.3  K,  O    1 
0.7  Ca  O 

0.2  Fe2  Oa 
1      0.3  Ala  Oa 

• 

C  3.85  Si  Os 
X  015  Ba  Os 

1090 

1994 

02 

0.3  K.  O    ] 
0.7  Ca  O    \ 

,     0.2  Fea  Os 
i      0.3  Ala  Os 

f  3.90  Si  Oa 
X  O.10  B,  Os 

1110 

2030 

01 

0.3  K,  O    1 
r.7  Ca  0      J 

0.2  Fes  Os 
'  0.3  Ala  Os 

f  3.95  Si  0» 
(  0.05  Ba  Os 

1130 

2066 

1 

0.3  Ka  O    " 
0.7  Ca  O  \ 

i      0.2  Fea  Os 

*                    i 
I       0.3  Ala  Os 

J  4  Si  Os 

1150 

2102 

2 

0.3  Ka  O   ^ 

0.7  Ca  O 

1      0.1  Fe2  Os 
|      0.4  Ala  Os 

J  4  Si  Oa 

1170 

2138 

3 

0.3  K2  O     ' 
0.7  Ca  O 

|     0.05  Fe2  Os 
|       0.45  Ala  Os 

J  4  Si  Oa 

1190 

2174 

4 

0.3  Ka  O   ' 
0.7  Ca  O 

►      0.5  Als  Os 

4  Si  Oa 

1210 

2210 

5 

0.3  Ka  O   ' 
0.7  Ca  O 

►      0.5  Ala  Os 

5  Si  Oa 

1230 

2246 

6 

0.3  Ka  O     " 
0.7  Ca  O 

►    0.6  Ala  Os 

|                                   • 

6  Si  Oa 

1250 

2282 
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No.  OF 
Conk. 

Composition. 

. 

7 

0.3  Ka  O 
0.7  Ca  0 

1    0.7  Ala  O, 

7  SI  Oa 

8 

0.3  K,  Oa    ^ 
0.7  Ca  O 

►    0.8  Al2  08 

8  SI  Oa 

• 

0.3  Ks  O     • 
0.7  Ca  O 

►    0.9  Ala  Os 

9  SI  Oa 

10 

0.3  Ka  O      ' 
0.7  Ca  O 

►    1.0  AIa  Oa 

10  SI  Os 

11 

0.3  Ka  O      ^ 
0.7  Ca  O     J 

►    1.2  Al2  Oa 

12  Si  Oa 

12 

0.3  K9  O      i 
0.7  Ca  O      J 

>    1.4  Al2  03 

14  SI  Oa 

13 

0.3  Ka  O      i 
0.7  Ca  O      J 

>    1.6  AI2  08 

16  SI  Oa 

14 

0.3  K9  O     ' 
0.7  Ca  O 

►    1.8  Ala  Oa 

18  Si  Ob 

15 

0.3  Ka  O      ^ 

0.7  Ca  O      J 

>    2.1  Al2  Oa 

21  Si  Os, 

16 

0.3  Ka  O      ^ 
0.7  Ca  O      j 

►    2.4  Al2  69 

24  Si  Oa 

17 

0.3  Ka  O      ] 
0.7  Ca  O      J 

►    2.7  Al2  08 

27  Si  Oa 

18 

0.3  K2  O      1 
0.7  Ca  O     J 

>   3.1  AI2  03 

31   Si  Oa 

19 

0.3  Ka  Q 
0.7  Ca  O 

.    3.5  Al2  08 

35  SI  Oa 

20 

0.3  Ka  O       ^ 
0.7  Ca  O 

►    3.9  AIa  Oa 

39  Si  Oa 

Fusion 
Point 
Cent. 


1310 


1350 


1430 


1470 


Fusion 

Point 

Fahr. 


1270      2818 


1290      2354 


2390 


1330      2426 


2462 


1370      2498 


1890      2534 


1410      2570 


2606 


1450      2642 


2678 


1490      2714 


1510      2750 


1530      2786 
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metallic  scales  or  as  a  superficial  coating  on  other 
mineral  grains  found  in  the  clay.  It  dissolves  quietly 
in  muriatic  acid.  Iron  may  also  occur  in  the  clay  as 
a  constituent  element  of  many  silicates,  and  indeed 
the  effect  which  it  produces  may  be  caused  not  so 
much  by  the  actual  amount  of  iron  oxide  which  is 
present,  but  by  the  condition  which  ;t  is  in. 

Iron  oxide  is  very  apt  to  form  concretions  in  the 
clay,  and  these  concretions  which  generally  have  a 
shell-like  structure,  vary  in  diameter  commonly  from 
a  fraction  of  an  inch  to  several  inches.  Siderite,  the 
carbonate  of  iron,  which  is  also  to  be  found  in  many 
clays,  likewise  forms  concretions  or  opaque  rounded 
masses,  which  effervesce  on  the  addition  of  warm 
muriatic  acid.  The  exterior  of  these  siderite  concre- 
tions is  not  unfrequently  altered  to  limonite,  the 
brown  or  yellowish  hydrated  oxide  of  iron.  Such  con- 
cretions are  hard  and  rock-like  in  their  nature,  and 
either  have  to  be  separated  by  screening  the  clay  be- 
fore usdng,  or  crushed  by  passing  the  clay  between 
rolls. 

PYRITE. 

This  mineral  is  a  compound  of  iron  and  sulphur, 
and  the  grains  of  it  are  easily  recognized  by  their 
metallic  lustre  and  their  vellow  color.  It  is  a  verv 
common  constituent  of  many  fire  clays,  and  occurs 
either  in  the  form  of  small  grains  or  concretionary 
masses  of  yellow  crystals.  Its  bright  metallic  surface 
will  serve  to  distinguish  l#t  from  limonite  which  has  a 
dirty  appearance. 

DOLOMITE. 

This  is  a  double  carbonate  of  lime  and  magnesia, 
and  may  occur  in  a  clay  in  the  same  form  as  calcite, 
and  the  effect  of  it  is  practically  the  same. 
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METHODS  EMPLOYED  IN  MAKING  CLAY 

ANALYSES.* 

The  following  brief  statement  of  the  methods  em- 
ployed in  making  the  analyses  of  clays  for  this  report 
has  been  prepared  by  Dr.  Charles  Baskervilk,  by 
whom  the  analyses  were  made : 

Moisture — Two  grams  are  heated  in  a  platinum 
crucible  at  100°  C.  until  they  show  a  constant  weight. 
The  loss  is  reported  as  moisture. 

Loss  on  Ignition  (combined  water,  and  sometimes 
organic  matter,  etc.) — The  crucible  and  clay  are 
heated  with  a  blast  lamp  until  there  is  no  further  loss 
in  weight. 

Alkalies — This  same  portion  of  clay,  which  has 
been  used  for  determining  moistjire  and  loss,  is  treat- 
ed with  concentrated  sulphuric  and  hydrofluoric  acids 
until  it  is  completely  decomposed.  The  acids  are 
evaporated  off  by  heating  upon  the  sand-bath.  The 
cooled  crucible  is  washed  out  with  boiling  water  to 
which  several  drops  of  hydrochloric  acid  have  been 
added.  The  solution  after  being  made  up  to  about 
five  hundred  cubic  centimetres  is  boiled,  one-half 
gram  ammonia  oxalarte  added  and  made  alkaline  with 
ammonium  hydroxide;  the  boiling  is  continued  until 
but  a  faint  odor  of  ammonia  remains.  The  precipitate 
is  allowed  to  settle  and  is  separated  from  the  liquid 
by  filtering  land  washed  three  tomes  with  bailing 
water.  The  filtrate  is  evaporated  to  dryness  and  ignit- 
ed to  drive  off  ammonia  salts.  The  residue  is  treated 
with  five  cubic  centimetres  of  boiling  water,  two  or 
three  cubic  centimetres  of  saturated  ammonium  car- 
bonate solution  are  added  and  the  whole  is  filtered 

•Reprinted  from  Bulletin  No.  18,  North  Carolina    Geological  Survey, 
1807. 
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into  a  weighed!  crucible  or  dish.  The  precipitate  is 
washed  three  or  four  times  with  boiling  water  and  the 
filtrate  evaporated  to  dryness.  Five  drops  of  sul- 
phuric acid  ere  added  to  the  residue,  and  then  the  cru- 
cible or  dish  is  brought  to  a  hot  heat,  cooled  in  a  des- 
icator,  and  the  alkalies  are  weighed  as  a  sulphate. 

To  separate  the  alkalies,  the  sulphates  are  dissolved 
in  hot  water,  acidified  with  hydrochloric  acid,  suffi- 
cient platinum  chloride  added  to  convert  both  sodium 
and  potassum  salts  into  double  chlorides;  the  liquid 
is  evaporated  to  a  syrup  upon  a  water-bath,  eight 
per  cent,  alchohol  added,  and  filtered  through  a  Gooch 
crucible  or  upon  a  tared  filter  paper.  The  precipitate 
is  thoroughly  washed  with  eighty  per  cent  alcohol, 
dried  at  100°  C.  and  weighed;  the  potassium  oxide  is 
calculated  from  the  double  chloride  of  potassium  and 
platinum. 

When  magnesium  was  present  to  as  much  as  one- 
half  of  one  per  cent.,  the  magnesium  hydroxide  was 
precipitated  with  barium  hydroxide  solution  and  the 
barium  in  turn  removed  by  ammonium  carbonate. 
When  the  amount  of  magnesium  was  less  than  the 
amount  named,  this  portion  of  the  ordinary  process 
was  not  regarded  as  necessary. 

Silica — Two  grams  of  clay  are  mixed  with  ten 
grams  of  sodium  carbonate  and  one-half  gram  of  pot- 
assium nitrate  and  brought  to  a  calm  fusion  in  a  plati- 
num crucible  over  the  blast  lamp.  The  melt  removed 
from  the  crucible  is  treated  with  an  excess  of  hydro- 
chloric acid  and  evaporated  in  a  casserole  to  dryness 
upon  a  water-bath,  and  heated  in  an  air-bath  at  110° 
C.  until  all  the  hydrochloric  acid  is  driven  off.  Dilute 
hvdrochloric  acid  is  added  to  the  casserole  now,  and 

the  solution  brought  to  boiling  and  rapidly  filtered. 
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The  silica  is  washed  thoroughly  with  boiling  water 
and  then  ignited  in  a  platinum  crucible,  weighed,  and 
moistened  with  concentrated  sulphuric  acid.  Hydro- 
flouoric  acid  is  cautiously  added  until  all  the  silica  has 
disappeared.  The  solution  is  evaporated  to  dryness 
upon  a  sand-bath,  ignited  and  weighed.  The  differ- 
ence in  weight  is  silica. 

Iron  Sesquioxide — The  filtrate  from  the  silica  is 
divided  into  equal  portions.  To  one  portion  in  a  reduc- 
ing flask  is  added  metallic  zinc  and  sulphuric  acid. 
After  reduction  and  filtration  to  free  the  liquid  from 
undissolved  zinc  and  carbon,  the  iron  is  determined 
by  titration  with  a  standard  solution  of  potassium 
permanganate. 

Aluminium  Oxide— To  the  second  portion,  which 
must  be  brought  to  boiling,  ammonium  hydroxide  is 
added  in  slight  excess,  the  boiling  continued  from  two 
to  five  minute,  the  precipitate  allowed  to  settle  and 
then  caught  upon  the  filter,  all  of  the  chlorides  being 
washed  out  with  boiling  water.  The  precipitate  is 
ignited  and  weighted  as  a  mixture  of  aluminium  oxide 
and  iron  sesquioxide.  The  amount  of  iron  sesquioxide 
already  found  is  taken  from  this  and  the  remainder 
reported  as  alumina. 

Calcium  Oxide — The  filtrate  from  the  precipitate 
of  iron  and  aluminium  hydroxides  is  concentrated  to 
about  two  hundred  cubic  centimetres,  and  the  calcium 
precipitated  in  a  hot  solution  by  adding  one  gram  of 
ammonium  oxalate.  The  precipitate  is  allowed  to 
settle  during  twelve  hours,  filtered  and  washed  with 
hot  water,  ignited  and  weighed  as  calcium  oxide. 
When  the  calcium  is  present  in  notable  amounts,  the 
oxide  is  converted  into  the  sulphate  and  weighed  as 
such. 

Magnesium  Oxide — The  filtrate  from  the  calcium 
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oxalate  precipitate  is  concentrated  to  about  one  hund- 
red cubic  centimetres,  cooled,  and  the  magnesium  pre- 
cipitated by  means  of  hydrogen  disodium  phosphate 
in  a  strongly  alkaline  solution,  made  so  by  adding  ten 
cubic  centimetres  of  ammonium  hydroxide  (0.90  sp. 
gr.).  The  magnesium  ammonium  phosphate,  after 
standing  over  night,  is  caught  upon  an  ashless  filter, 
washed  with  water  containing  at  least  five  per  cent, 
animoniujm  hydroxide,  burned  and  weighed  as  mag- 
nesium pyrophosphate. 

The  insoluble  residue  is  determined  by  digesting 
two  grams  of  clay  with  twenty  cubic  centiments  of 
dilute  sulphuric  acid  for  six  or  eight  hours  on  a  sand- 
bath,  the  excess  of  acid  being  finally  driven  off.  One 
cubic  centimetre  of  concentrated  hydrochloride  acid 
is  now  added  and  boiling  water.  The  insoluble  por- 
tion is  filtered  off,  and  after  being  thoroughly  washed 
with  boiling  water  is  digested  in  fifteen  cubic  centi- 
metres of  boiling  sodium  hydroxide  of  ten  per  cent, 
strenth.  Twenty-five  cubic  centimetres  of  hot  water 
are  added  and  the  solution  filtered  through  the  same 
filter  paper,  the  residue  being  washed  five  or  six  times 
with  boiling  water.  The  residue  is  now  treated  with 
hydrochloric  acid  in  the  same  manner  and  washed  up- 
on the  filter  paper,  and  free  from  hydrochlo*'c  acid, 
is  burned  and  weighed'  as  insoluble  residue. 

A  portion  of  this  is  treated  as  the  original  clay  for 
silica,  aluminium  oxide  and  iron  oxide.  Another  por- 
tion is  used  for  the  determination  of  the  alkalies  in 
the  insoluble  residue. 

Titanic  Oxide — One-half  gram  of  clay  is  fused  with 
five  grams  potassium  b* sulphate  and  one  gram  sodium 
fluoride  in  a  spacious  platinum  crucible.  The  melt  is 
dissolved  in  five  per  cent,  sulphuric  acid.  Hydrogen 
dioxide  is  added  to  an  aliquot  part  and  the  tint  com- 
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pared  with  that  obtained  from  a  standard  of  t'tanium 
sulphate. 

Sulphur  (total  present)— The  sulphur  is  deter- 
mined  by  fusing  one-half  gram  of  clay  with  a  mixture 
of  sodium  carbonate,  five  parts,  and  potassium  nit- 
rate, one  part.  The  melt  is  brought  into  solution  with 
hydrochloric  acid.  The  silica  is  separated  by  evapora- 
tion, heating,  resolution,  and  subsequent  filtration. 
Hydrochloric  acid  is  added  to  the  filtrate  to  at  least 
five  per  cent,  and  the  sulphuric  acid  is  precipitated 
by  adding  barium  chloride  in  sufficient  excess,  all  solu- 
tions being  boiling  hot.  The  barium  sulphate  is  filt- 
ered off  and  washed  with  hot  water,  burned  and  weigh- 
ed as  such. 

Ferrous  Oxide — is  determined  by  fusing  one-half 
gram  of  clay  with  five  grams  sodium  carbonate,  the 
clay  being  well  covered  with  the  carbonate,  the  top  be- 
ing upon  the  crucible.  The  melt  is  dissolved  in  a  mix- 
ture of  dilute  hydrochloric  and  sulphuric  acids  in  an 
'atmosphere  of  carbon  dioxide.  The  ferrous  iron  is 
determined  at  once^  by  titration  with  a  standard  pot- 
assium permanganate  solution. 

The  rational  analysis  is  made  from  the  results  ob- 
tained by  the  chemical  analysis  in  the  following  way : 
The  alumina  found  in  the  portion  insoluble  in  sul- 
phuric acid  and  sodium  hydroxide  is  multiplied  by 
3.51.  This  factor  has  been  found  to  represent  the 
average  ratio  between  alumina  and  silica  in  orthoclase 
feldspar;  therefore  the  product  just  obtained  would 
represent  the  amount  of  silica  that  would  be  present 
in  undecomposed  feldspar.  The  sum  of  this  silica  with 
the  alumina,  ferric  oxide  and  alkalies  equals  the 
"feldspathic  detritus."  The  difference  between  silica 
as  calculated  for  feldspar  and  the  total  silica  in  the 
insoluble  portion  represents  the  "quartz"  or  "free 
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sand."  The  difference  between  that  portion  of  the 
sample  insoluble  in  sulphuric  acid  and  sodium 
hydroxide  and  the  total  represents  the  "clay  sub- 
stance." The  method  of  analysis  used  to  detrmine 
the  mineralogical  character  of  the  clay  is  called  the 
rational  method,  and  when  carried  out  in  its  simplest 
form,  determines  the  amount  of  clay  substance  or 
kaolinite,  quartz,  and  feldspar  present  'n  the  clay.  If 
carried  out  more  completely,  it  enables  us  to  calculate 
the  amount  of  calcite  or  limestone  (calcium  carbon- 
ate) '  iron  oxide  and  even  mica  in  the  clay. 

THE  RATIONAL  ANALYSIS  OF  CLAY. 

The  rational  analysis  of  clay  consists  in  resolving 
the  clay  into  its  mineralogical  elements^  thus  giving 
a  clue  to  its  physical  as  well  as  its  chemical  properties. 
It  is  often  utilized  by  manufacturers  of  porcelain  and% 
other  high  grades  of  ware  as  a  guide  in  the  compound- 
ing of  their  mixtures. 

The  ordinary  quantitative  or  ultimate  analysis 
regards  the  clay  as  a  mixture  of  oxide  of  the  elements, 
although  they  may  be  present  in  entirely  different 
combinations,  such  as  silicates,  carbonates,  hydrates, 
sulphates,  etc.  This  condition  of  combination  is  im- 
portant for  it  makes  a  difference  in  the  behavior  of 
the  clay.  Thus  for  instance,  if  silica  is  present  in  the 
form  of  quartz  it  will  decrease  the  shrinkage  and  also 
increase  the  refractoriness  up  to  a  certain  point,  but 
if  present  as  a  component  element  of  feldspar  it  serves 
as  a  flux  and  also  increases  the  plasticity  somewhat. 

It  is  not  intended  though  that  the  rational  analysis 
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shall  fully  supplant  the  ultimate  one  for  each  serves 
its  own  purpose. 

The  ultimate  analysis  may  be  used  to  supply  in- 
formation on  the  following  points. 

1.  The  purity  of  the  clay,  by  showing  the  propor- 
tions of  silica,  alumina,  combined  water  and  fluxing 
impurities. 

2.  From  the  ultimate  analysis  we  can  form  a  gen- 
eral idea  regarding  the  refractoriness  of  the  clay,  for, 
other  things  being  equal  the  greater  the  total  sum  of 
the  fluxing  impurities,  the  more  fusible  the  clay. 

3.  The  color  to  which  the  clay  burns  may  also  be 
judged  approximately  for  the  greater  the  Amount  of 
iron  in  the  clay  the  deeper  red  will  it  burn,  provided 
the  iron  oxide  is  evenly  distributed,  and  there  is  t 
not  an  excess  of  lime  in  the  clay.    If  the  proportion  of 

iron  to  lime  is  as  1;  3,  then  a  bufE  product  results, 

provided  the  clay  is  only  heated  to  incipient  fusion  or 

vitrification.     The  above  conditions  will  be  affected 

by  a  reducing  atmosphere  in  burning  or  of  sulphur  in 

the  fire  gdses. 

4.  Clays  with  a  large  amount  of  combined  water 
sometimes  exhibit  a  tendency  to  crack  in  burning. 
This  combined  water  would  be  shown  in  the  ultimate 
analvsis. 

5.  A  large  excess  of  silica  would  indicate  a  sandy 
clay. 

The  connection  between  refractoriness  and  chemical 

composition    may   be   illustrated    by    the    following 

analysis. 
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The  following  analyses  indicate  this  fact : 

123 

Per  cent.  Per  cent.  Per  cent 

SIO, 47.20  69.50  54.90 

Al8Oa 36.50  13.00  18.03 

FeaO, 2.56  6.40  6.03 

CaO tr.  .25  2.88 

MgO tr.  tr.  1.10 

Alkalfee tr.  3.40 

HsO 13.35  6.70  6.90 

Moisture 50  3.40  3.17 

Total  fluxes 2.56  6.65  13.41 

DEG.    F.  DEG.    F.  DEG.    F. 

Viscosity  or  fusion  point.     Above  2700  2300  1900 

1.    Chalk  Bluff,  Marion  Co.,  Ala.,  U.  8.  Geol.  Surv.    18th  Ann.  Sep.,  Part  V. 
(continued),  p.  U28. 
*.    Fern  bank,  Lamar  Co.,  Ala.    Ibid. 
3.    Norborne,  Mo.    Mo.  Geol,  Surv.,  XI.  Ann.  Sep. 

This  is  practically  the  full  extent  to  which  the  ulti- 
mate analysis  can  be  used ;  and  there  still  remain 
to  be  explained  a  number  of  physical  facts  concerning 
any  clay  which  happens  to  be  under  consideration. 

It  frequently  happens  that  two  clays  approach  each 
other  quite  closely  in  their  ultimate  composition,  and 
still  exhibit  an  entirely  different  behavior  when  burn- 
ed. The  explanation  which  most  quickly  suggests  it- 
self is,  that  the  elements  present  in  the  two  clays  are 
differently  combined.  Some  method  of  resolving  the 
clay  into  its  mineral  components,  so  as  to  indicate  the 
condition  in  which  the  elements  are  present  is  there- 
fore practically  needed. 

As  kaolinite  results  from  the  decomposition  of  feld- 
spar, the  kaolin  is  quite  sure  to  contain  some  unde- 
composed  feldspar,  and  also  some  quartz,  and  (in 
smaller  amounts)  mica,  since  the  two  latter  minerals 
are  common  associates  of  the  feldspar. 

If,  now,  we  know  the  amount  of  feldspar,  quartz 
and  kaolinite  or  clay-substance  in  the  kaolin,  and  the 
effect  of  these  individual  minerals,  we  can  form  a  far 
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better  opinion  of  the  probable  behavior  of  the  clay  in 
burning. 

When  mica  is  present,  it  *s  dissolved  out  with  the 
kaolinite  and  reckoned  in  as  clay-substance,  but  it  is 
rarely  present  in  large  amounts,  and  may  perhaps 
alter  the  character  of  the  clay-substance  but  little,  for 
finely  ground  white  mica  possesses  plasticity,  and  can 
be  formed  and  dried  without  cracking.  It  is  more  re- 
fractory than  feldspar,  and  holds  its  form  up  to 
1400°  C.# 

In  the  following  table  are  given  the  ultimate  and 
rational  analyses  of  a  number  of  kaolins,  which  show 
how  a  constancy  of  ultimate  composition  may  be  ac- 
companied by  variations  in  the  rational  analysis: 


*  G.  Vogi,  Cktm.  AVmr,  1890,  p.  815. 
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From  this  table  a  number  of  interesting  conclusions 
may  be  drawn.  Columns  1  and  2  represent  two  clays 
which  agree  very  closely  in  their  ultimate  composi- 
tion ;  but  in  the  rational  analysis  there  is  a  difference 
of  6  per  cent,  in  the  clay-substance,  12  per  cent,  in 
quartz,  and  nearly  19  per  cent,  in  the  feldspar.  Nos. 
3  and  5  and  10  and  12  also  illustrate  this  point. 

In  Nos.  6  and  7,  one  a  German,  and  the  other  a 
North  Carolina  kaolin,  the  ultimate  analyses  are  very 
closely  alike,  and  the  rational  analyses  also  agree  very 
well.  This  is  frequently  the  case  when  the  clay-sub- 
stance is  very  high,  between  96  and  100  per  cent.,  as  in 
Nos.  9  and  11. 

A  third  case  would  be  presented  if  the  rational  an- 
alyses agreed,  but  the  ultimates  did  not.  Such  in- 
stances, however,  seem  to  be  much  less  common. 

The  practical  value  of  the  rational  analysis  bears 
chiefly  upon  those  branches  of  the  clay-working  in- 
dustry, such  as  manufacture  of  porcelain,  white  earth- 
enware, fire-brick  and  glasspots,  which  use  materials 
with  comparatively  few  fusible  impurities  (iron,  lime, 
magnesia); 

There  is  much  concerning  clays  which  sitll  remains 
unexplained,  but  it,  seems  probable  that,  other  things 
being  equal,  two  clays  having  the  same  rational  com- 
position will  behave  alike. 

We  can  illustrate  this  point  by  the  follownig  tests 
made  on  washed  kaolins  from  the  vicinity  of  Senne- 
witz,  near  Halle,  Germany.  From  the  figures  given 
below,  it  will  be  noticed  that  in  the  case  of  Nos.  1  and 
2  there  is  a  close  agreement  in  the  shrinkage,  which 
amounted  to  about  10  per  cent,  when  the  clay  was 
heated  up  to  the  temperature  of  a  hard-porceclain 
kiln.  In  Nos."  3  and  4  the  shrinkage  is  very  nearly  the 
same,  but  greater  than  in  Nos,  1  and  2,  because  the 
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rational  composition  has  changed,  there  being  a  mark- 
ed increase  in  the  amount  of  feldspar. 

If  there  hed  been  much  difference  in  the  size  of  the 
clay-particles  of  Nos.  3  and  4  or  Nos.  1  and  2,  the 
shrinkage  in  each  case  would  probably  have  been  dif- 
ferent. 

Table  II. — Rational  Analysis  and  Shrinkage  of  Clays. 


Shrinkage  In 

Hard  Porcelain 

Feldspar. 

Quartz. 

Clay-Substance. 

F*,0, 

Fire 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent 

1.59 

88.86 

64.55 

0.75 

10.20 

1.21 

88.89 

65.40 

0.73 

10.10 

8.64 

81.69 

59.68 

0.80 

12.90 

8.25 

85.15 

5660 

0.80 

12.00 

The  degree  of  fineness  of  the  clay-particles,  and  per- 
haps their  shape  also,  probably  exert  more  influence 
on  the  shrinkage  than  has  been  imagined,  but  just  how 
far  this  makes  itself  felt  is  still  undetermined. 

As  an  illustration  of  the  practical  use  of  the  rational 
analysis  we  may  take  the  following : 

Suppose  that  we  are  using  for  the  manufacture  of 
porcelain  or  fire-brick  a  kaolin  which  has  67.82  per 
cent,  of  clay-substance,  30.93  of  quartz,  and  1.25  of 
feldspar,  and  that  to  100  parts  of  this  is  added  50 
parts  of  feldspar.  This  would  give  us  a  mixture  of 
45.21  per  cent,  of  clay  substance,  20.62  of  quartz,  and 
34.17  of  feldspar. 

If  now  for  the  clay  we  had  been  using,  we  substitu- 
ted one  with  66.33  per  cent,  of  clay-substance,  15.61 
of  quartz,  and  18.91  of  feldspar,  and  made  no  other 
changes,  the  mixture  would  then  contain  44.22  per 
cent,  of  clay-substance,  10.41  of  quartz  and  45.98  of 
feldspar. 

This  last  mixture  shows  such  an  increase  in  feldspar 
that  it  must  give  much  greater  shrinkage  and  fusibil- 
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ity;  but  knowing  the  rational  analysis  of  the  new 
clay,  it  would  be  easy  to  add  quartz  or  feldspar  so  as 
to  bring  the  mixture  back  to  its  normal  composition. 

The  application  of  the  method  of  rational  analysis 
to  impure  clays  is  not  quite  as  satisfactory,  but  at  the 
same  time  not  as  necessary.  In  the  treatment,  the 
iron,  if  present  as  oxide,  and  lime  or  magnesia,  if  car- 
banotes,  are  dissolved  out  with  the  clay-substance. 
The  silicate  minerals  are  grouped  with  the  feldspar, 
and  the  clay  thus  becomes  divided  into  clay-substance 
(kaolinite,  ferric  oxide,  lime  and  magnesia  carbon- 
ates), feldspar  or  feldspathic  detritus;  and  quartz. 
If  the  percentage  of  ferric  oxide  and  carbonates  is 
high,  it  is  necessary  to  determine  them  separately  in 
the  ultimate  analysis. 

In  making  a  rational  analysis,  the  clay  is  .treated 
with  strong  sulphuric  acid,  which  decomposes  the  kao- 
lin into  sulphate  of  alumina  and  hydrous  silica.  The 
former  is  soluble  in  water,  while  the  latter  is  removed 
with  caustic  soda,  ajid  we  get  an  insoluble  residue  con- 
sisting of  quartz  and  feldspar.  In  this  residue  the 
alumina  is  determined  and  the  feldspar  calculated. 

Another  way  of  conducting  the  rational  analysis, 
and  one  which  is  chiefly  applicable  when  the  clay  con- 
tains other  minerals  besides  the  kaolin,  quartz  and 
feldspar,  such  as  carbonate  of  lime,  ferric  oxide,  or 
mica,  consists  in  analysing  the  insoluble  residue  and 
calculating  the  mineral  percentages  from  this. 

THE  CLASSIFICATION  OP  CLAYS. 

As  it  is  possible  to  find  every  gradation  from  the 
purest  to  the  most  impure  clays  any  classification  that 
is  attempted,  will  necessarily  be  more  or  less  unsatis- 
factory.   It  is  of  course  possible  primarily  to  make 
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two  great  divisons  i.  e.  residual  and  sedimentary,  and 
to  these  might  perhaps  be  added  a  third  class  of  clays, 
namely,  those  formed  by  chemical  precipitation.  Un- 
der each  of  the  first  two  classes,  it  wTould  be  possible 
again  to  find  every  gradation  from  pure  to  impure. 

It  is  not  possible  to  make  any  classification  based 
upon  the  practical  applications  of  the  materials,  for 
some  clays  are  used  for  as  many  as  four  to  five  dif- 
ferent purposes,  and  it  is  probable  Chat  some  classi- 
fication which  simply  recognizes  four  or  five  important 
groups  is  probably  the  most  satisfactory  and  the  least 
confusing.    Hill  makes  the  following  divisions  :* 

China  clays. 

Plastic,  ball,  pottery  clays. 

Brick  clavs. 

Eefractory  or  fire  clays. 

He  furthermore  makes  another  table  based  on  the 
origin  of  the  clay  as  found  in  the  United  States : 

I — WHITE  BURNING  CLAYS. 

1.  Rock  or  residual  kaolin. 

2.  Indianite  or  Indiana  kaolin. 

3.  Florida  or  sedimentary  kaolins. 

4.  White  burning"  plastic  clays. 

II — COLOR  BURNING  CLAYS. 

Mixed  clavs — 

1.  Brick  clays,  (Siliceous). 

2.  Marly  clays,  (Calcareous). 

3.  Pink  clays,  ( Ferruginous ) . 

2.     Cement  clayp,  (Silico-calc^reous). 

5.  Alum  clays. 

Altered  clays  (shale  and  slatfe). 


*U.  S.  Geol.  Survey,  Mineral  Resources,  1893. 
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A  classification  which  has  been  made  by  Seger,  the 
great  German  Ceramic  Chemist,  gives : 

1.  Yelloic  burning,  containing  lime  and  iron. 

2.  Red  burning,  non-aluminous,  ferruginous  clays, 
which  are  free  from  lime. 

3.  .White  and  yellow  burning.    These  clays  are  low 
both  in  lime  and  iron. 

4.  White  burning,  low  in  iron  and  high  in  alumina. 

THE  MINING  AND  PREPARATION  OF  CLAYS. 


RPOSPECTING  FOR  CLAYS. 

Clay  deposits  are  best  seen  in  those  regions  where 
rivers  and  brooks  have  cut  gullies  and  ravines,  the  clay 
showing  on  the  sides  of  the  cut.  In  such  locations  the 
thickness  of  the  deposit  and  variation  in  its  character 
vertically  are  well  shown.  Similar  sections  are  to  be 
loooked  for  along  railroads.  As  the  beds  are  apt  to 
wash  down  it  is  necessary  to  clean  the  surface  of  the 
cut  before  taking  any  sample  for  testing,  and  even 
then  great  care  must  be  observed  to  insure  the  sample 
being  an  average  one. 

Apart  from  cuts  the  presence  of  clay  can  often  be 
determined  by  the  character  of  the  vegetation,  the  na- 
ture of  the  soil,  or  upturned  tree  roots. 

The  outcropping  of  clay  in  a  ravine  should  not  be 
depended  on  alone,  but  in  addition  borings  should  be 
made  to  determined  the  depth  and  extetnt  of  the  de- 
posit, and  persistance  of  the  different  layers  if  there 
is  a  variation  in  them. 

Shale  often  forms  cliffs  or  steep  slopes,  at  the  base 
of  which  there  may  be  a  talus  of  partly  weathered 
fragments  and  soft  clay ;  in  fact  the  outcrop  of  a  shale 
deposit  may  be  covered  by  the  clay  into  which  it  has 
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slaked  under  the  influence  of  weathering.  In  some 
localities  this  mellowed  outcrop  may  be  only  a  few 
feet  thick,  but  in  many  it  is  of  sufficient  volume  to  sup- 
ply a  small  brick  yard,  without  the  necessity  of  at- 
tacking the  fresh  shale  beneath. 

MINING  OF  CLAYS*- 

Clays,  when  soft  and  plastic,  are  mostly  dug  with 
pick  and  shovel,  loaded  on  wheel-barrows,  carts  or  cars 
and  hauled  to  the  works.  If  the  deposit  is  broad  and 
shallow  the  clay  is  usually  dug  at  any  convenient 
point ;  often  any  overlying  sand  or  other  useless  ma- 
terial has  been  first  removed  and  used  for  filling  in  or 
some  other*  purpose. 

If  the  bank  is  located  on  the  hillside,  and  has  con- 
siderable height,  it  is  worked  out  in  broad  steps,  the 
object  of  this  being  to  prevent  the  bank  from  sliding 
in  wet  weather. 

When  the  bank  is  near  the  works,  wheel-barrows  or 
carts  can  be  used  to  haul  the  clay,  but  far  distances, 
over  600  feet,  it  pays  to  lay  tracks  and  use  cars,  haul- 
ed either  by  horse  or  steam  power. 

Underground  methods  of  mining  are  only  used  in 
case  the  amount  of  overlying  material  is  very  great. 
It  is  chiefly  used  for  shale  deposits. 

Steam  shovels  are  employed  for  sandy  clays  or  soft 
shales  at  some  localities  in  the  TJuited  States,  but 
most  shales  are  mined  by  blasting,  and  the  fragments 
thus  ioosened  are  sent  to  the  works. 

Where  the  clay  is  rough,  and  the  face  of  the  bank 
12  or  15  feet  high,  a  plan  often  followed  is  to  under- 
mine it  by  picking  at  the  base,  and  then  inserting 
large  wooden  wedges  at  the  top.     This  brings  down 

♦This  does  not  inolude  the  mining  of  kaolin,  which  u  treated  separately. 
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a  large  mass  at  once,  the  fall  serving  to  break  it  up. 
While  effective,  this  method  is  often  attended  with 
danger. 

MINING  OF  KAOLIN. 

Kaolin  is  usually  sufficiently  soft  in  nature  to  be 
mined  by  means  of  the  pick  and  shovel.  In  some  por- 
tions of  the  beds  near  Valley  Head  streaks  of  halloy- 
site  are  found  in  the  clay,  which  are  quite  hard,  but 
they  are  of  such  a  limited  extent  as  not  to  cause  much 
extra  trouble.  If  the  deposit  is  deep,  narrow,  or  in- 
terbedded  with  other  formations  which  are  too  thick 
to  be  removed  by  stripping,  or  if  again  the  kaolin  does 
not  run  regular  in  its  composition,  it  is  often  advisable 
to  follow  the  better  portions  of  the  bed,  or  the  narrow 
vein  if  it  is  such,  by  means  of  shaft,  levels,  or  slopes. 
These  sometimes  have  to  be  timbered,  at  other  times, 
as  at  Valley  Head,  they  do  not. 

In  the  case  of  deposits  which  are  large  and  broad, 
it  is  most  economical  to  operate  them  as  quarry  work- 
ings or  open  pits,  digging  out  the  material  and  loading 
it  on  the  cars  or  wheel-barrows  which  convey  it  to 
the  washing  plant.  If  a  pit  is  large  and  broad  the 
sides,  instead  of  being  dug  out  vertically,  should  be 
left  in  benches  to  prevent  the  washing  down  of  the 
bank. 

In  North  Carolina,  where  most  of  the  kaolin  depo- 
sits are  vein  formations  whose  depth  is  comparatively 
great  as  compared  with  their  width,  the  method  ad- 
opted is  to  sink  a  circular  pit  in  the  kaolin  about  25 
feet  in  diameter.  As  the  pit  proceeds  in  depth  it  is 
lined  with  crib  work  of  wood,  and  this  lining  is  ex- 
tended to  the  full  depth  of  the  pit,  which  varies  from 
50  to  100  or  even  120  feet.    When  the  bottom  of  the 
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kaolin  has  been  reached  the  filling  in  of  the  pit  is 
begun,  the  crib  work  removed  from  the  bottom  up- 
ward as  the  filling  proceeds.  If  there  is  any  overbur: 
den  this  is  used  for  filling  in  the  pit,  and  as  soon  as  pit 
is  worked  out  a  new  one  can  be  sunk  in  the  same 
manner  right  next  to  it.  In  this  way  the  whole  vein  is 
worked  out,  and  if  the  deposit  is  large,  several  pits 
may  be  sunk  at  the  same  time  to  increase  the  output 
of  the  mine.* 

Hydraulic  mining  has  been  tried  with  some  success 
in  some  very  sandy  loose-grained  kaolins,  but  it  would 
not  work  in  any  of  the  deposits  in  Alabama,  which  the 
writer  has  thus  far  examined.  The  method  to  state  it 
briefly,  consists  in  washing  the  clay  down  into  the 
bottom  of  the  pit  wrhence  it  is  sucked  up  by  means  of 
a  pump  and  discharged  into  washing  trough  from  the 
conveying  pipe,  it  being  sometimes  necessary  to  have 
a  scraper  to  stir  or  loosen  up  the  clay  in  order  to  per- 
mit its  being  drawn  up  more  easily.  This  is  a  cheap 
and  rapid  methed  where  it  can  be  employed,  but  most 
kaolins  are  too  dense  and  not  sandy  enough  to  allow 
of  its  being  used. 

THE  WASHING  OF  KAOLINS. 

As  has  already  been  stated,  most  kaolins  have  to  be 
washed  before  shipment,  and  one  of  two  methods  may 
be  employed,  i.  e.  washing  in  tanks  or  troughing. 
With  the  first  method  or  that  of  washing  in  tanks,  the 
kaolin  is  thrown  into  large  circular  tubs  filled  with 
water,  in  which  it  is  stirred  up  by  means  of  revolving 
arms  and  the  clay  lumps  thereby  disintegrated.  By 
this  treatment  the  fine  kaolinite  particles  as  well  as 
very  fine  grains  of  mica,  feldspar,  and  quartz  remain 

*H.  Riep,  Clay  Deposits  and  Clay  Industry  in  North  Carolina  Bulletin  No.  13, 
N.  C.  Geol.  Sury.,  p.  54. 
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suspended  in  the  liquid  while  the  coarser  grains  set- 
tle on  the  bottom  of  the  tank.  The  water  with  the 
suspended  clay  is  then  drawn  off  to  the  settling  tanks. 

A  modification  of  this  consists  in  the  use  of  a  large 
cylinder  closed  at  both  ends  and  set  in  a  horizontal 
position;  through  this  cylinder  passes  an  axis  with 
iron  arms,  the  revolution  of  the  latter  serving  to  break 
up  the  clay,  which  is  discharged  through  a  hopper  at 
the  top.  A  current  of  watetf  passes  through  the  cylinder 
and  carries  the  fine  clay  particles  with  it  while  the 
coarse  ones  are  left  behind  in  the  machine.  The  speed 
of  the  current  has  to  be  regulated  by  experiment, 
for  if  too  much  water  is  used  coarse  material 
will  be  washed  out  of  the  cylinder,  and 
conversely,-  if  the  current  is  too  slow  the  clay 
will  not  yield  a  sufficient  percentage  of 
washed  product.  One  objection  to  this  apparatus  is 
that  it  has  to  be  stopped  from  time  to  time  to  remove 
the  coarse  sand  from  the  machine. 

The  method  most  commonly  used  at  the  present 
day  for  washing  kaolin,  is  by  troughing  and  its  gen- 
eral detail  is  a&  follows : 

As  the  kaolin  comes  from  the  mine  it  is  generally 
discharged  into  a  log  washer,  which  consists  of  a  semi- 
cylindrical  trough  in  which  there  revolves  a  horizont- 
al axis,  bearing  short  arms.  The  action  of  these  arjns 
breaks  up  the  kaolin  more  or  less  thoroughly,  depend- 
ing on  its  density,  and  facilitates  the  subsequent  wash- 
ing. The  stream  of  water  directed  into  the  log  washer 
sweeps  the  kaolin  and  most  of  the  sand  into  the  wash- 
ing trough,  which  is  about  15  inches  wide  and  12 
inches  deep.  It  may  be  wider  and  deeper  if  the  kaolin 
is  very  sandy;  in  fact  it  should  be.  The  troughing  is 
about  700  feet  long:,  and  to  utilize  the  space  thorough- 
ly, it  is  broken  up  into  sections,  50  feet  to  each  is  a 
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good  length,  these  being  arranged  paralleled,  anfl 
connected  at  the  ends,  so  that  the  water,  with  sus- 
pended clay,  follows  a  zigzag  course. 

This  troughing  has  a  slight  pitch  which  is  common- 
ly about  one  inch  in  twenty  feet,  but  the  amount  of 
pitch  depends  upon  the  kaolin,  and  whether  the  sand 
which  it  contains  is  fine  or  coarse.  If  the  kaolin  is 
very  fine,  and  settles  slowly,  the  pitch  need  not  be  so 
great  and  vice  versa.  A  large  quantity  of  very  coarse 
sand  in  the  kaolin  is  a  nuisance  as  it  clogs  up  the  log 
washer,  and  upper  end  of  the  trough  more  quickly  and- 
causes  so  much  more  labor  to  keep  them  clean.  As  it 
is,  considerable  sand  settles  there,  and,  to  keep  the 
trough  clear,  sand  wheels  are  used.  These  are  wooden 
wheels  bearing  a  number  of  iron  scoops  on  their  peri- 
phery, as  the  wheels  revolve  these  scoops  catch  up  a 
portion  of  the  sand  which  has  settled  in  the  trough, 
and  as  each  scoop  reaches  the  upper  limit  of  its  turn 
on  the  wheel,  it,  by  its  inverted  position,  drops  the 
sand  outside  of  the  trough.  These  sand  wheels  are  an 
aid,  but  it  is  often  necessary,  in  addition,  to  keep  a 
man  shoveling  the  sand  from  the  trough. 

If  the  sand  is  finer  it  is  not  dropped  so  quickly,  but 
is  distributed  more  evenly  along  the  trough,  and  does 
not  clog  it  up  so  fast. 

The  zigzag  arrangement  of  the  troughing  has  been 
objected  to  by  some,  as  it  produces  irregularities  in 
the  current  causing  the  sand  to  bank  up  in  the  corners 
at  the  bends,  and  also  at  certain  points  along  the  sides 
of  the  troughing.* 

The  effect  of  this  is  to  narrow  the  channel,  and  con- 
sequently to  increase  the  velocity  of  the  current,  there- 
by causing  the  fine  sand  to  be  carried  still  further  to- 

*K.  Hotop,  Thonindartrie  Zeitung,  1893. 
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ward  the  settling  tank.    This  difficulty,  which  is  not 
often  a  serious  one,  has  been  obviated  either  by  hav- 
ing the  troughing  longer  or  by  allowing  the  water  and 
suspended  clay,  as  they  come  from  the  log  washer,  to 
pass  through  a  section  of  straight  trough,  and  from 
this  into  another  one,  of  the  same  depth  but  five  or 
six  times  the  width,  and  divided  by  several  longitu- 
dinal partitions.    The  water  and  the  clay  then  pass 
into  a  third  section,  twice  as  wide  as  the  second,  and 
divided  by  twice  the  number  of  longitudinal  divisions. 
By  this  means  the  water  moves  only  in  a  straight 
course,  but  as  it  is  being  continually  spread  out  over 
a  wider  space  it  flows  with  an  ever  decreasing  velocity. 
By  the  time  the  water  has  reached  the  end  of  the 
troughing,  nearly  all  of  the  coarse  grains  have  been 
dropped  and  the  water  is  ready  to  be  led  into  the  set- 
tling vats,  but  as  a  further  and  necessary  precaution 
it  is  discharged  on  to  a  screen  of  one  hundred  meshes 
to  the  linear  inch,  the  object  of  this  being  to  remove 
any  coarse  particles  that  might  possibly  remain,  and 
also  to  eliminate  sticks  and  other  bits  of  floating  dirt 
that  are  sure  to  find  their  way  in. 

Two  kinds  of  screens  can  be  used,  (1)  stationary, 
and  (2)  revolving. 

The  stationary  screen  is  simply  a  frame  with  a  cop 
per  cloth  and  set  at  a  slight  angle.  The  water  and  sus- 
pended kaolin  fall  on  the  screen,  and  pass  through. 
A  slight  improvement  is  to  have  two  or  three  screens 
which  overlap  each  other  so  that  whatever  does  not 
get  through  the  first  will  fall  on  the  second.  If  the 
vegetable  matter  and  sticks  are  allowed  to  accumu- 
late, they  stop  up  the  screen,  and  prevent  the  kaolin 
from  running  through,  consequently  the  stationary 
screens  have  to  be  closely  watched-. 
The  revolving  screens  are  far  better  for  they  are 
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self  cleaning.  Such  screens  are  barrel  shaped,  and  the 
water,  with  the  kaolin  in  suspension,  is  discharged 
into  the  interior  and  passes  outward  through  the  screen 
cloth.  As  the  screen  revolves,  the  dirt  caught  is  car- 
ried upwards  and  finally  drops ;  but  instead  of  falling 
down  upon  the  other  side  of  the  screen,  it  falls  upon  a 
board,  which  diverts  it  out  upon  the  ground. 

The  settling  tanks,  into  which  the  kaolin  and  the 
water  are  discharged,  may  be  and  often  are  about 
eight  feet  wide  by  four  feet  deep,  and  fifty  or  more 
feet  long.  As  soon  as  one  is  filled  the  water  is  diverted 
into  another. 

The  larger  a  tank,  the  longer  will  it  take  to  fill  it, 
and  allow  the  kaolin  to  settle,  and  delays  due  to  this 
cause  them  to  be  expensive,  especially  when  the  market 
takes  the  output  of  washed  kaolin  as  soon  as  it  is  ready. 

Small  tanks  have  the  advantage  of  permitting  the 
slip  to  dry  more  quickly,  especially  when  the  layer  of 
clay  is  not  very  thick,  and  furthermore  a  small  pit 
also  takes  less  time  to  fill  and  empty,  but  one  dis- 
advantage urged  against  a  number  of  small  tanks  is 
that  a  thorougly  average  product  is  not  obtained  ow- 
ing to  the  thin  layer  of  settlings  and  the  small  amount 
in  each.  In  addition  to  this  a  series  of  small  tanks 
requires  considerable  room. 

The  advantages  claimed  for  large  tanks  are  that  the 
clay  can  be  discharged  into  any  one  for  a  considrable 
period,  and,  if  the  clay  deposit  varies  in  character,  the 
different  grades  get  into  one  tank  and  a  better  average 
is  thereby  obtained. 

If  the  kaolin  settles  too  slowly,  alum  is  sometimes 
added  to  the  water  to  hasten  the  deposition.  When 
the  kaolin  is  settled,  most  of  the  clear  water  is  drawn 
off,  and  the  cream  like  mass  of  kaolin  and  water  in  the 
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bottom  of  the  vat  is  drawn  off  by  slip  pumps  and  for- 
ced by  these  into  the  presses.  , 

The  presses  consist  simply  of  flat  iron  or  wooden 
frames  between  which  are  flat  canvas  bags.  These 
bags  are  connected  by  nipples  with  a  supply  tube  from 
the  slip  pumps,  and  by  means  of  the  pressure  from  the 
pumps  nearly  all  of  the  water  is  forced  out  of  the 
kaolin  and  through  the  canvass. 

When  all  of  the  water  possible,  is  squeezed  out  the 
press  is  opened  and  the  sheets  of  semi-dry  kaolin  are 
taken  out  It  is  then  dried  either  on  racks  in  the  open 
air  or  in  a  heated  room. 

As  for  every  ton  of  crude  kaolin  usually  only  about 
two-fitths  or  one-fourth  of  a  ton  of  washed  kaolin  is 
obtained,  it  is  desirable  to  have  the  washing  plant  at 
the  mines,  for  it  avoids  the  hauling  of  60  to 
70  per  cent,  of  useless  sand  which  has  to  be  washed 
out  before  the  kaolin  can  be  used  or  even  placed  on 
the  market. 


II. 

GEOLOGICAL    RELATIONS   OF    THE 

CLAYS  OF  ALABAMA, 

By  Eugene  A.  Smith,  Ph.  D. 


The  basis  of  all  clays  is  kaolinite,  the  hydrated 
silicate  of  alumina  resulting  from  the  chemical  decom- 
position of  alumina  bearing  minerals  which  occur  as 
essential  constituents  of  igneous  rocks.  In  this  de- 
composition, as  Dr.  Kies  has  shown,  the  soluble  con- 
stituents are  leached  out  while  the  kaolinite  remains 
behind  as  an  insoluble  residuum,  more  or  less  mixed 
with  the  other  nsoluble  matters  of  the  original 
minerals. 

In  this  form  the  clay  might  be  called  a  chemical 
clay,  since  it  is  the  direct  result  of  a  chemical  decom- 
position,  having  undergone  no  further  modification 
by  being  taken  up,  transported  and  redeposited. 

There  is  another  form  of  residual  clay  which  may 
be  distinguished  from  the  above,  and  that  is  the  clay 
resulting  from  the  decomposition  of  impure  limesltone. 
Naturally  this  variety  is  usually  less  free  from  foreign 
matters  than  the  otter. 

These  residual  clays  taken  up  and  redeposited  by 
running  waters  are  incorporated  in  the  stratified  de- 
posits of  any  later  age. 

The  clay  deposits  of  the  different  geological  form- 
nations  of  Alabama  have  each  its  well  marked  pecu- 
liarities, and  the  geological  formations  are  clearly  de- 
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fined,  so  that  an  account  of  the  geological  relations  of 
these  clays  becomes  a  guide  at  once  to  the  several  va- 
rieties, and  to  their  geographical  distribution. 

ARCHAEAN  AND  ALGONKIAN. 

These  two  formations  include  in  Alabama  all  the 
crystalline  rocks  of  both  igneous  and  sedimentary 
origin.  It  is  generally  acknowledged  that  kaolinite, 
which  is  the  basis  of  all  clays,  has  its  origin  in  the  de- 
composition of  the  minerals  composing  the  igneous 
rocks,  the  chief  kaolinite  producing  mineral  being 
feldspar.  It  is.  therefore,  in  the  area  of  our  crystalline 
or  metamorphic  rocks  that  we  are  to  look  for  the  origi- 
nal deposits  of  kaolinite.  More  especially,  it  is  the 
granites,  the  pegmatites  or  graphic  granites,  that  occur 
the  largest  proportion  of  feldspar,  and  consequently 
yield  the  largest  proportion  of  kaolinite,  and  of  the 
granites,  thepegmatites  or  graphic  granites,  occurring 
in  veins  which  traverse  the  other  crystalline  rock,  are 
by  far  the  most  important  in  this  respect. 

The  clays  occurring  in  this  form  have  been  spoken 
of  by  Dr.  Ries  as  vein  clays^  and  they  are,  as  a  rule, 
very  slightly  plastic,  for  the  reason  that  they  have  not 
been  subjected  to  the  comminuting  processes  neces- 
sary to  develop  the  highest  degree  of  plasticity. 

A  belt  of  mica  schists  with  frequent  veins  of  peg- 
matite, extends  from  Cleburne  county  and  adjacent 
parts  of  Randolph,  through  Clay  and  Coosa  into 
Chilton  county,  and  in  numerous  places,  the  decay  of 
the  granite  veins  has  given  rise  to  the  formation  of 
deposits  olf  kaolinite.  The  other  two  constituents  of 
these  granites,  viz.,  quartz  and  mica,  occur  like  the 
feldspars  in  large  masses,  and  thus  the  places  which 
produce  mica  in  large  sheets  are  at  the  same  time  the 
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places  where  the  kaolinite  is  to  be  found.  Below  a 
certain  depth  from  the  surface  the  feldspar  of  these 
granitic  veins  has  escaped  the  action  of  the  atmos- 
phere, and  is  in  its  original  form,  while  nearer  the 
surface  it  has  generally  been  converted  into  kaolinite. 
It  is  evident  that  in  all  these  primary  or  original  de- 
posits the  kaolinites  mixed  with  the  other  and  less 
destructible  constituents  of  ithe  granite,  viz.,  the 
quartz  and  the  mica,  and  by  consequence  all  the 
kaolinite  from  such  original  deposits  must  be  washed 
to  free  it  from  these  substances.  When  the  granite 
or  granitic  rock  contains  comparatively  little  of  iron- 
bearing  minerals  the  resulting  kaolinite  will  be  cor- 
respondingly free  from  iron  stain  and  of  pure  white 
color,  and  thus  suitable  for  the  manufacture  of  the 
finer  grades  of  stone  ware  or  china. 

All  the  important  deposits  of  this  kind  are,  at  the 
present  time,  at  a  distance  from  any  railroad,  and 
none  of  them  have  been  developed  in  a  commercial 
way.  We  have  at  hand  very  few  analyses  and  itests 
made  of  these  kaolinites.  A  material  of  tlrs  kind 
from  near  Louina  in  Randolph  county  was  analyzed 
many  years  ago  by  Dr.  Mallett  for  Prof.  Tuomey, 
with  the  following  result: 

Analysis  of  Kaolinite  from  Louina,  Randolph  Co. 

Silica « „ ~. - .... 87.29 

Alumina 81.92 

Ferric  Oxide  trace 

Potash,  Lime  and  Magnesia 0.72 

Water    15.09 

Undecomposed  Mineral 14.28 

• 

Prof.  Tuomey  remarks  upon  the  absence  of  iron  in 
this  kaolinite  as  most  favorable  to  its  use  in  making 
fine  porcelain  ware,  and  he  predicts  that  when  Ran- 
dolph county  has  communication  by  railroad  with  the 
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outside  world,  the  occurrence  of  porcelain  clay  in  the 
county  will  become  a  matter  of  economic  importance. 

These  pegmatite  veins  with  their  mica  and  kaoli- 
nite,  are  very  numerous  in  the  upper  half  of  Randolph 
county,  and/  also  in  the  adjacent  parts  of  Cleburne  and 
Clay,  and  test  pits  have  been  -sunk  in  hundreds  of 
places  to  show  up  both  the  kaolinite  and  the  mica.  Dr. 
Caldwell  of  the  Elyton  Land'  Company,  had  this  kao- 
linite thoroughly  tested  both  as  to  its  suitability  for. 
the  manufacture  of  porcelain  ware  and  as  to  its  re- 
fractory character.  The  pottery  ware  made  from  it 
came  in  competition  with  the  best  pottery  wares  in 
America  and  took  a  prize  at  the  Art  Institute  Fair 
in  Philadelphia,  in  December,  1890.  Brick  made  from 
it  also  was  subjected  to  the  highest  temperature  of 
the  furance  and  was  declared  practically  infusible. 
These  deposits  lie  near  Milnei,  Pinetucky,  Micaville, 
in  Randolph,  and  near  Stone  Hill,  Mr.  Jas.  Denman's 
and  other  places  in  Cleburne.  The  same  belt  extends 
southwestward  through  Clay  and  Coosa  into  Chilton, 
and  has  been  tested  at  various  places  along  this  line. 

In  this  region  of  the  crystalline  rocks,  one  may 
everywhere  observe  the  gradual  transition  from  the 
solid  rock  through  decayed  schists  into  complete  soil, 
which  is  generally  a  clayey  loam,  more  or  less  stain- 
ed wih  iron.  A  reddish  clay  is  thus  seen  to  be  a 
part  of  the  residual  matters  left  by  the  general  decay 
of  (the  rocks  of  this  section,  but  this  clay  is,  as  a  rule, 
so  much  mixed  with  quartz,  mioa,  fragments  of  un- 
decomposed  rock,  that  it  can  serve  very  seldom  for 
anything  more  than  material  for  the  manufacture 
of  building  brick.  Residual  clays  of  this  character 
are  of  universal  occurrence  throughout  ithe  region  of 
our  crvstalline  rocks. 

It  is  not  difficult  to  understand  how  under  certain 
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conditions,  the  finer  portions  of  these  residual  clays 
may  be  taken  in  suspension  in  running  waters  and 
redeposited  at  greater  or  less  distances  from  their 
place  of  origin  in  depressions,  or  along  slopes.  In 
this  way  are  often  formed  secondary  deposits  of 
pretty  fair  plastic  clays,  sometimes  mixed  with  sand 
in  proportion  to  serve  well  as  material  for  good  build- 
ing brick.  An  illustration  of  this  may  be  cited  near 
Wedowee  in  Randolph  county,  and  there  are  many 
instances  where  the  residual  clays  of  the  country  as 
well  as  these  redeposited  masses  are  utilized  both  for 
the  manufacture  of  buildings  brick  of  excellent 
quality,  and  for  pottery  purposes. 

CAMBRIAN  AND  SILURIAN  FORMATIONS. 

In  these  formations,  the  clay  deposits  are  either 
the  residual  clays  left  from  the  decomposition  gen- 
erally of  the  great  limestone  formations  of  the  Cam- 
brian and  Silurian,  or  concentrations  of  these  resi- 
dual clays  by  redeposition  in  sink  holes,  ponds,  and 
depressions;  or  the  accumulation  through  sediment- 
ary action  ,in  the  depressions  of  these  later  forma- 
tions, of  (the  chemical  or  vein  clays  of  the  Archaean: 

The  two  great  limestones,  above  mentioned,  are 
rarely  pure  but  are  mixed  with  chert  or  other  form 
of  siliceous  matters,  with  iron,  and  with  clay.  Upon 
their  decay  under  the  action  of  the  atmospheric 
agencies,  these  insoluble  matters  are  left  in  the  form 
generally  of  reddish  loam  or  clay  capped  with  cherty 
fragments,  and  impregnated1  with  iron. 

Such  residual  clays  are  extensively  used  in  all  our 
valley  regions  for  the  manufacture  of  ordinary  build- 
ing brick,  for  which  they  are  very  well  adaplted,  the 
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brick  being:  very  durable,  but  not  very  sightly,  since 
they  are  likely  to  be  spotted  where  the  clay  contains 
more  iron  than  the  average.    Occasionally,  however, 
we  fipd  as  result  of  subsequent  rearrangement  by 
leaching,  concretionary  adtion,  or  the  like,  these  resi- 
dual matters  differentiated  from  each  other  in  a  most 
remarkable  way,  so  that  beds  of  nearly  pure  white 
clay  lie  alongside    of  beds  of  brown  iron  ore,  itaelf 
remarkably  free  from  either  clay  or  chert    The  most 
notable  of  such  instances  is  at  Bock  Run  where  the 
bed  of  white  kaolin,  analysis  of  which  is  given  in  the 
body  of  this  report,  No.  A.  S.,  forms  one  of  the  walls 
of  a  bank  of  limonite  which  has  for  years  furnished 
ore  to  the  furance.    In  close  juxtaposition  to  the  ore 
and  kaolin,  here  mentioned,  is  one  of  the  beds  of 
bauxite  for  which  this  region  is  well  known.    Kaolin 
beds  of  this  residual  nature  are  known  in  many  other 
parts  of  the  State,  resting  upon  the  Cambrian  and 
Silurian  limestones.    Near  Jacksonville,  in  Calhoun 
county,  at  Tampa  in  the  same  county,  and  in   numer- 
ous other  localities  of  similar  nature,  are  limited 
beds  of  kaolin,  none  of  which,  however,  have  as  yet 
been  developed  or  worked. 

The  following  clays  described  below  may  be  assign- 
ed to  these  formations ;  the  china  clays,  No.  190,  from 
near  Gadsen  and  No.  205  from  Kymulga;  the  fire 
clays,  No.  191  from  Peaceburg  in  Calhoun  county  and 
No.  127  from  Oxanna  in  the  same  county ;  the  stone- 
ware clays,  No.  204  from  Blount  county  and  No.  192 
from  near  Rock  Run. 

In  most  of  »the  large  limonite  banks  of  the  valley 
regions,  these  deposits  of  pure  clay  occur,  usually 
known  as  clay  horses,  some  of  them  are  undoubtedly 
of  sufficient  extent  to  be  of  commercial  value.    Many 
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references  to  tliese  may  be  found  in  the  Report  on  the 
Valley  Regions. 

While  none  of  these  clay  deposits  have  as  yet  found 
a  market,  it  may  be  well  for  the  sake  of  completeness 
to  give  a  few  details  concerning  such  as  have  been 
recorded.  The  references  to  the  pages  of  the  report 
on  the  Valley  Regions,  Part  II,  are  also  added. 

In  connection  with  beds  of  limonite  in  S.  31,  T.  24, 
1^  11  E.,  in  Bibb  county,  mention  is  made  of  the  fact 
that  the  ore  lies  imbedded  in  clay  of  red  or  yellowish 
red  color,  with  streaks  of  a  white  clay    (p.  495. ) 

In  Talladega  county,  in  the  flatwoods,  lying  along 
(the  line  of  the  Columbus  &  Western  Railroad,  in  the 
southeast  corner  of  S.  2,  T.  21,  R.  3  E.,  a  white  plastic 
clay  which  is  said  to  have  been  penetrated  to  a  depth 
of  35  feet,  is  reported  to  have  been  struck  in  a  well, 
(p.  606.)  In  the  same  county  in  S.  19,  T.  19,  R.5  E., 
in  the  Charlton  limonite  bank  there  is  a  large  "horse" 
of  white  clay,  extensive  deposits  of  white  clay  are 
noticed  in  connection  with  other  limonite  banks  in  the 

• 

immediate  vicinity,     (p.  616.) 

In  Calhoun  county,  in  T.  15,  R.  8  E.,  and  in  Sec- 
tions 21  and  23,  there  are  many  diggings  in  beds  of 
limonite,  and  in  most  of  them  are  "horses"  of  white 
clay,  (p.  702).  Again  in  T.  14,  R.  8  E.,  in  the  same 
county,  near  Tampa,  on  land  belonging  to  A.  H. 
Tullis,  Section  6,  in  the  red  residual  clays  derived 
from  the  disintegration  of  the  limestones  of  the 
county,  along  with  barite  and  limonite  in  pockets,  are 
found  some  deposits  of  kaolin  of  white  color  and 
considerable  thickness,  up  to  10  feet.  In 
Section  5  of  same  township  and  range,  the  kaolin  is 
exposedd  in  a  cut  of  the  East  and  West  Alabama 

Railroad  where  it  is  10  feet  thick,     (p.  715.) 
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In  Cherokee  county,  to.  (the  northward  of  the  line 
of  the  Southern  Railroad  in  Sections  1  and  2  of  T.  12, 
R.  11,  E.,  there  are  many  banks  of  l'monite  which 
have  been  extensively  worked,  and  in  some  of 
them  beds  or  "horses"  of  white  clav  have 
been  exposed.  One  of  these  in  the  Clay  limonite 
bank,  in  Section  2,  Ithe  clay  deposit  is  of  great  extent 
and  several  car  loads  have  been  taken  from  it  and 
shipped  to  Chattanooga  for  manufacturing  into  fire 
brick.  A  similar  white  clay  occurs  in  the  Hickory 
Tree  bank  in  Section  1,  ( p.  759. )  The  occurrence  of 
the  clay  in  the  Dyke  limonite  bank,  near  Rock  Run, 
is  described  on  page;  777.  This  is  itihe  kaolin  whose 
analysis  is  given  below  under  the  number  A.  S.  In 
the  Washer  bauxite  band  in  S.  35,  T.  12,  R.  11  E., 
near  Rock  Run,  and  in  the  Warwhoop  and  other 
bauxite  banks  of  the  same  vicinitv,  white  clay 
and  halloysite  are  of  common  occurrence.  Some 
of  these  clays  should  be  utilized. 

Some  details  concerning  /them  are  to  be  found  in 
the  Valley  Regions  report,  pages  780  to  789. 

In  the  limonite  banks  to  the  eastward  of  Tecumseh 
furance  in  the  same  county,  in  T.  12,  R.  12,  E.,  clay 
i%  horses"  are  everywhere  found  separating  the  pock- 
ets of  limonite,  pages  792  and  793. 

Accumulations  of  good  plastic  clay,  which  have 

evidently  been  deposited  in  the  depressions  of  the 

limestone  or  in  ponds,  are  not  uncommon  in  the  area 
of  the  great  limestone  formations.  One  such  near 
Oxford  in  Calhoun  county,  is  utilized  by  the  Dixie 
Tile  and  Pottery  Company.  Analysis  and  physical 
tests  of  this  clay  are  given  in  the  body  of  this  report 
Of  less  purity  on  account  of  mixtures  of  sand,  etc., 
similar  deposits  are  numerous,  and  utilized  in 
places,  as,  for  example,  the  brick  clay  at  DeArman- 
ville  in  the  Choccolocco  valley. 
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SUB-CARBONIFEROUS  FORMATION. 

In  the  Sub-carboniferous  formation  of  Wills'  Val- 
ley is  found  the  best  known  deposit  of  pure  white 
clay  of  this  section. 

This  clay  occurs  chiefly  in  the  lower  strata  of  the 
formation^  generally  very  close  above  the  Devonian 
Black  Shale.  The  deposits  which  have,  up  to  the  pre- 
sent time,  been  pretty  well  proven,  are  to  be  found  in 
the  upper  or  northeastern  end  of  Wills'  Valley,  near 
the  Georgia  line,  and  on  both  sides  of  the  valley.  The 
most  important  of  them,  however,  occur  on  the  east- 
ern side  of  the  valley.  They  have  been  described 
somewhat  in  detail  by  McCalley  in  Part  II  of  his  Val- 
ley Regions  report,  pages  175  to  182,  from  which  the 
following  details  are  compiled : 

The  Red  Mountain  ridges,  made  up  of  the  strata 
of  the  Clinton,  Devonian  (Black  Shale),  and  Sub- 
cairboniferous  formations,  occur  here  as  elsewhere 
in  the  State,  on  both  sides  of  the  valley.  The  ridge 
on  the  western  side  is,  in  general,  lower  and  less  con- 
tinuous than  thalt  on  the  eastern  side.  The  clay 
occurs  in  the  lower  strata  of  the  Sub-carboniferous, 
not  far  above  the  Black  Shale,  and  it  has  been  "pro- 
spected" and  found  to  be  present  in  the  ridges  on 
both  sides  of  the  valley  for  some  ten  or  twelve  miles 
from  the  State  line  southward. 

In  the  northwest  corner  of  S.  3,  T.  6,  R.  9  E.,  on  the 
west  side  of  the  valley,  a  test  pit  exposes  the  following 
section: 

Section  on  west  aid*  of  Wills*  Valley,  DtKalb  Co. 

Chert  ledge  weathered  into  a  sandy  rock  of  yellow  color  8  to  12  Inches. 

Strata  hidden  by  debris 2  to  8  feet. 

White  clay,  without  grit,  in  places  like  halloysite M.  8  feet . 

Bluish  colored  clay 8  feet, 

Strata  not  exposed .. „...  .25  to  80  feet. 

Devonian  Black  Shale 
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The  white  clay  occurrs  in  many  places  in  this 
vicinity,  and  is  called  chalk  by  the  people. 

On  the  eastern  side  of  the  valley,  the  Red  Mountain 
ridge,  as  stated  above,  is  more  prominent  and  con- 
tinuous than  on  the  west.  Near  the  State  line,  about 
Eureka  station  and  thence  southwestward  for  a 
couple  of  miles,  the  clays  have  been  tested  and  in 
many  places  worked.  They  have  a  thickness  aggre- 
gating about  40  feet,  but  are  said  to  thicken  up  oc- 
casionally to  180  to  200  feet,  of  which  as  much  as  60 
feet  is  a  fine  white  clay  suitable  for  the  manufactory 
of  stone  ware.  Some  of  the  clay  is  shipped  from  here 
to  the  potteries  at  Trenton  N.  J.,  and  some  of  it  goes 
to  Chattanooga,  Tenn.  The  Franklin  (Ohio)  Com- 
pany Mines  are  situated  in  the  northern  corner  of 
S.  34,  T.  4,  R.  10  E.  The  clay  is  won  by  surface  dig- 
gings, slopes,  and  tunnels,  according  to  locality. 

The  following  section  is  obtained  along  the  wagon 
road  through  the  surface  diggings  and  will  give  a 
fairly  correct  idea  of  the  occurrence. 

Section  at  Franklin  Company s  Jfi*et,  DeKalb  Co. 

Alternations  of  chert  layers,  4  to  18  inches  thick,  with  fine 

sharp  siliceous  powder  of  white  and  yellow  color 12  feet. 

Chert  of  light  yellow  color,  interlaminated  with  thin  streaks  of 

clay   12  feet. 

Clay,  mostly  of  yellow  color,  bat  with  seams  of  white  clay 10  feet. 

Alternations  of  chert  in  layers  of  2  to  8  inches  thickness    with 

clay  seams  18  inches  in  thickness 4  feet. 

Alternations  of  chert  in  layers  2  to  6  inches  thick  with  white 

clay  in  irregular  seams  6  to  12  inches  thick 18  feet. 

Olay,  very  gritty,  of  white  color  and  chalky  appearance „10  feet. 

Clay  and  ahale,  the  clay  white  and  gritty,  the  shale  green „16  feet. 

Devonian  Black  Shale .._, 

In  these  mines  in  the  upper  twenty  feet  the  clay  is 
more  siliceous  than  in  the  lower  twenty  fee*.  The 
siliceous  clay  is  better  suited  for  making  Are  brick, 
while  the  plastic  clay  is  a  potter's  clay,  command- 
ing a  good  price.     The  chert  which  is  interstratified 
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with  the  clay  is  also  of  value  in  the  manufacture  of 
stoneware. 

In  the  N.  E.  i  of  the  S.  E.  i  of  S.  4,  T.  5,  R.  10  E. 
are  the  Montague  Clay  Mines,  worked  by  a  tunnel  on 
the  southeastern  side  of  the  ridge.  The  clay  is  about 
thirty  feet  iri  thickness,  some  of  it  having  a  brown  col- 
oraltion,  due  to  organic  matter.  It  is  quite  uniform 
in  composition  for  a  distance  for  at  least  a  mile  in  a 
northeast  and  southwest  direction,  is  quite  free  from 
stains  of  iron  but  perhaps  less  plastic  than  the  clay 
from  some  of  the  otther  localities  near  by.  Most  of 
the  clay  here  mined  goes  to  Chattanooga  for  the  man- 
ufacture of  fire  brick.  Two  analyses  of  the  clay 
from  these  mines  are  given  by  Dr.  Rils  under  the 
numbers  116  and  1171  and  they  are  classed  by  him  as 
fire  clays. 

Further  southwest,  along  the  ridge,  we  find  other 
occurrences  of  the  clay  as  in  the  S.  W.  *  of  the  N.  W.  J 
of  S.  12,  T.  6,  R.  9  E.,  where  there  is  an  old  open- 
ing on  a  clay  bed,  which  shows  some  four  feet  of  clay. 
Still  further  south  west  ward  in  the  N.  W.  J  of  the 
S.  E.  £  of  S.  15,  T.  6.  R.  9  E.,  there  are  numerous  sur- 
face diggings,  and  tunnels  in  a  clay  bed  thirty  feet  or 
more  in  thickness.  Some  of  the  clay  of  this  deposit 
is  of  most  beautiful  quality,  and  esipecially  well 
suited  to  the  manufacture  of  the  finest  stone  ware.  A 
set  of  china  ware,  700  pieces,  made  from  this  clay 
took  a  premium  at  the  New  Orleans  Cotton  Exposi- 
tion. 

In  places  the  clay  has  streaks  and  stains,  due  to 
iron,  and  in  other  places  it  has  a  dark  gray  color,  due 
to  the  presence  of  organic  matter,  which  does  not  pre- 
vent its  burning  to  a  white  color.  Much  of  the  clay' 
is  adapted  to  the  manufacture  of  fire  brick  as  shown 
by  the  analyses  of  a  sample  collected  by  Dr.  Ries, 
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number  119.  Analysis,  number  214,  shows  the  quality 
of  the  purer  and  whiter  variety. 

The  clay  deposits  extend  to  within  two  or  three  feet 
of  the  Devonian  Black  Shale,  thus  fixing  the  occur- 
rence at  the  base  of  the  Subcarboniferous  formation. 

Beds  of  potter's  clay  of  this  formation  have  also 
been  noted  at  other  localities,  among  them  one  in  the 
railroad  cut  just  nonth  of  Stevens'  switch  on  the  A. 
G.  S.  R.  R.,  and  another  in  Calhoun  county  fn  S.  19, 
T.  15,  R.  6  E.# 

Hard  white  clay,  like  halloysite  in  appearance,  has 
also  been  noticed  at  points  in  ithe  Tennesseee  valley, 
near  Stevenson,  and  it  is  quite  probable  that  search 
in  that  valley  would  be  rewarded  by  the  finding  of 
deposits  of  the  clay  of  commercial  importance. 

COAL  MEASURES. 

In  some  parts  of  the  coal  fields,  the  under  clays  of 
the  seams  of  coal  have  been  utilized  in  the  manufac- 
tory of  pottery,  as  at  Jugtown,  near  Sterritt,  in  St. 
Clair  county;  rt  For*  Payne  and  Rodentown,  in  De- 
Kalb;  at  Vance's  Station,  in  Tuscaloosa  county;  at 
Summit,  in  Blount  county,  and  at  Arab,  in  Marshall 
county.  In  all  these  places  the  clay  is  manufactured 
into  jugs,  flower  pots  and  similar  articles,  while  at 
Fort  Payne  it  is  also  used  in  the  manufacture  of  fire 
brick. 

The  shales  of  this  formation  are  also  utilized  in 
some  parts  of  the  State,  notably  at  Coaldale,  where 
they  are  made  into  vitrified  brick  for  paving  purposes. 
At  the  Graves  Coal  Mine,  near  Birmingham,  occur 
two  bodies  of  shale,  which  have  been  analyzed  and 


•Valley  Regionc,  Part  II.,  pages  411  and  741. 
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otherwise  tested  for  this  report,  and.  the  results  of 
these  tests  are  to  be  found  below,  numbers  170  and 
171. 

Dr.  Ries  has  tested  also  the  Carboniferous  shales 
from  near  Pearce's  Mill,  in  Marion  county,  and  finds 
them  admirably  suited  for  the  manufacture  of  pressed 
brick  and  with  a  mixture  of  a  more  plastic  clay  suit- 
able for  the  manufacture  of  terra-cotta  (No.  3.) 
Up  to  the  present  time  none  of  the  clays  from  the 
Coal  Measures  have  been  found  suitable  for  use  in 
the  manufacture  of  high  grades  of  fire  brick,  but  this 
may  be  due  to  the  circumstance  that  very  few  of  these 
clays  have  beeen  examined.  Of  shales  suitable  for 
making  vitrified  brick,  there  is  the  greatest  abund- 
ance. 


CRETACEOUS  FORMATION. 

In  many  respects  the  most  important  formation  of 
Alabama  in  respect  of  its  clays,  is  the  lowermost 
division  of  the  Cretaceous,  which  we  have  called  the 
Tuscaloosa.  The  strata  composing  this  formation 
are  prevalently  yellowish  and  grayish  sands,  but 
subordinated  to  .these  are  pink  and  light  purple 
sands,  thinly  laminated,  dark  gray  clays  holding 
many  well  preserved  leaf  impressions,  and  great 
lenses  of  massive  clays  varying  in  quality  from  al- 
most pure  white  burning  clays  to  dark  purple  and 
mottled  clays  high  in  iron. 

This  formation  occupies  a  belt  of  country  extending 
from  the  northwestern  corner  of  the  State,  around 
the  edges  of  the  Paleozoic  formations  to  the  Georgia 
state  line  at  Columbus.  Its  greatest  width  is  at  the 
north-western  boundary  of  the  State,  where  it  covers 
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an  Area  in  Alabama  thirty  or  forty  miles  wide  and 
about  the  same  width  in  Mississippi. 

From  here  towards  the  southeast  the  breadth  of 
the  belt  gradually  diminishes,  till  at  Wetumpka  and 
thence  eastward  to  the  State  line,  it  forms  the  surface 
along  a  belt  of  only  a  few  miles  width. 

To  the  eastward  of  the  Alabama  river,  the  propor- 
tion of  clay  to  the  rest  of  the  strata  is  less  than  in  the 
other  direction,  and  at  the  same  time  the  clays 
themselves  are  as  a  rule  more  sandy.  But  from  the 
Alabama  river  northwestward,  in  the  gullies,  ravines, 
and  railroad  cuts,  there  are  many  exposures  of  these 
beds,  exhibiting  sections  of  clay  beds  from  six  to  for- 
ty or  fifty  feet  in  thickness,  and  of  varying  degrees  of 
purity.  In  a  general  way  we  may  say  that  the  purer 
clays,  resmbling  kaolin  in  composition,  have  as  yet 
been  found  only  in  the  northern  part  of  this  area  in 
Fayette,  Marion,  Franklin  and  Colbert  counties,  and 
the  adjoining  parts  of  Mississippi. 

In  my  Coastal  Plain  Report,  published  in  1894,* 
I  have  brought  together  many  details  concerning  the 
Tuscaloosa  formation  in  the  counties  of  Lee,  Rus- 
sell, Macon,  Elmore,  Autauga,  Chilton,  Perry,  Bibb, 
Tuscaloosa,  Pickens,  Lamar,  Fayette,  Marion,. 
Franklin  and  Colbert,  and  the  reader  is  referred  to 
that  book  for  full  discussion  of  the  formation.   • 

In  order,  however,  to  present  the  clay  occurrences 
as  completely  as  possible  I  shall  give  extracts  from 
the  Coastal  Plain  Report  in  so  far  as  they  may  be 
descriptive  of  the  deposits  of  clay. 

To  these  extracts  are  added  a  number  of  details 
received  from  a  report  made  by  Dr.  George  Little, 
who  in  1891,  spent  several  months  making  for  the 
Geological  Survey  ,some  examinations  of  the  clays 

♦Pages  307-349.  531-2,  536,  541, 545,  549  554, 556, 559. 
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of  this  formation.  Dr.  Little  brought  together  a 
large  collection  of  the  chief  varieties  of  these  clays 
and  from  these  specimens,  many  of  the  analyses 
found  in  the  report  below  have  been  made. 

Use  is  also  made  of  manuscript  notes  of  my  own  on 
examinations  made  since  1894  and  of  descriptions  of 
clay  occurrences  in  the  report  on  the  Valley  Regions, 
Part  I,  by  McCalley. 

Inasmuch  as  the  reimarks  of  Dr.  Eugene  W.  Hil- 
gard  on  the  clays  of  Mississipppi  apply  in  general 
to  the  clays  of  this  State  which  lie  immediately  ad- 
jacent to  them  on  the  east,  a  short  extract  from  his 
Report  on  the  Geology  and  Agriculture  of  Missis- 
sdppi  will  not  be  out  of  place.  These  notes  relate  to 
the  clays  occurring  in  Townships  4,  5  and  6  in  Tish- 
omingo county,  Mississippi,  and  were  published  in 
Dr.  Hilgard's  Report  on  the  Geology  and  Agriculture 
of  Mississippi,  1860. 

"A  large  deposit  of  white  clay  of  great  purity,  how- 
ever, occurs  in  Tishomingo  c  ounty,  chiefly  in  the 
southern  portion  of  the  territory  of  the  Carboni- 
ferous formation,  following  very  nearly  its  western 
outline.  It  there  forms  a  regular  stratum  of  con- 
siderable extent,  which  .in  one  locality  at  least,  was 
found  to  be  more  than  30  feet  in  thickness.  The  bed 
attains  its  best  development,  so  far  as  the  quality 
of  the  material  is  concerned,  in  the  northern  piortion 
of  Township  5  and  in  Township  4,  Range  11  east, 
where  it  is  about  30  feet  underground  in  the  uplands, 
though  at  times  appearing  in  limited  outcrops  on  iLhe 
banks  of  the  streams.  Northeastward  and  south- 
westward  from  the  regions  mentioned,  the  bed  also 
occurs  but  changed!  in  character,  at  least  near  the 

surface,  to  a  white  gritty  hardpan,  or  clays  of  various 
colors  and  of  much  less  purity.    It  forms  the  lowest 
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visible  portion  of  the  Orange  Sand  formation,  and 
is  almost  invariably  overlaid  by  strata  of  pebbles  and 
pudding  stone,  which  in  their  turn  are  sometimes 
overlaid  by  common  orange-colored  sand. 

The  most  southerly  exposure  of  these  beds,  known 
to  me,  occurs  on  a  small  branch  of  McDouglas'  Mill 
creek,  in  Sections  5,  4,  and  9,  Township  6,  Range  10, 
east,  near  Mr.  PanuePs  place.  For  more  than  a  mile 
along  this  branch  there  are  exposures  in  which 
about  20  feet  of  a  whitish  mass,  varying  from  a  fine 
clayey  sand  to  a  white  plastic  clay,  appears  overlaid 
by  fthick  beds  (20  to  40  feet)  of  ferruginous  pebble 
conglomerate;  the  latter  in  its  turn  being  overlaid  by 
the  common  ferruginous  sand  and  brown  sandstone 
on  the  hilltops.  Similar  outcrops  appear  in  the 
neighborhood  of  Mr.  Aleck  Peden's  place  on  Sections 
3  and  27  /Township  5,  Range  10  east,  northeast  of 
PanneFs  Here  also  a  white  stratum  of  which  only 
a  few  feet  are  exhibited  is  overlaid  by  pebble  conglo- 
merate, and  this  by  the  common  Orange  Sand.  The 
white  mass  varies  from  white  plastic  clay  to  fine 
grained  aluminous  sandstone;  its  upper  layers  are 
sometimes  composed  of  a  singular  conglomerated 
mass,  consisting  of  small,  white  quartz  pebbles  im- 
bedded :n  pure  white  pipeclay.  In  both  localities, 
copious  springs  of  pure  water  are  shed  by  the  im- 
pervious clay  strata.  At  Mr.  Peden's,  ithere  is  a  fine 
bold  chalybeate  spring  which  seems,  however,  to 
derive  its  mineral  ingredients  (sulphates  of  iron  and 
magnesia  and  common  salt)  from  the  adjacent 
Carboniferous  strata  rather  than  from  those  of  the 
Orange  Sand.  In  either  of  the  localities  mentioned, 
materials  suited  for  fine  pottery,  or  queenware, 
might  be  obtained. 

Thence  northwest,  the  stratum  is  not  often  found 
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outcropping,  but,  as  had  been  stated,  20  to  30  feet 
below  the  surface  of  the  uplands;  the  country  being 
but  slightly  undulating.  At  Dr.  Clingscale's,  Sec  - 
tion  8,  Township  5,  Range  11  east,  the  clay  stratum 
was  struck  at  the  depth  of  about  30  feet  beneath  sand 
and  pebbles;  it  was  dug  into,  without  being  passed 
through,  for  nearly  30  feet  more,  no  water  being 
obtained  from  below,  but  dripping  in  above  from  the 
base  of  the  pervious  strata.  The  whiteness  and 
plasticity  of  the  material  seems  to  increase  with  the 
depth.  The  portion  of  what  was  dug  out  *  of 
the  well  in  question,  had  already  been  removed 
at  the  time  of  my  visit,  having  been  used 
for  various  economical  purposes  as,  chalk, 
whitewash,  and  "Lily  White".  The  specimens 
examined  were,  therefore,  leather  below  the  average 
quality,  and  on  long  exposure  to  the  air,  their  surface 
shows  some  yellowish  spots.  I  found  nevertheless, 
that  in  baking  at  a  high  heat  they  yielded  a  biscuit  of 
greater  whiteness  than  their  natural  color  when 
fresh ;  and  that  fine  splinters,  exposed  for  ten  minu- 
tes to  the  highest  heat  of  the  mouth  blowpipe,  retain- 
ed their  shape  perfectly  while  reduced  to  a  semi-trans- 
parent frit.  A  quantitative  analysis  of  the  clay  from 
Clingscale's  well  gave  the  following  results: 

White  Pipe  Clay  from  Clingecales. 

Insoluble  matter 90.877 

]  ime 0.140 

Magnesia trace 

Peroxide  of  iron t 0.126 

Alumina M 2  214 

Water 6-930 


99.861 


This  analysis  (which  was  made  solely  for  the  pur- 
pose of  ascertaining  the  ingredients  foreign  to  the 
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clay  proper)  proves  the  singular  fact  that  this  clay, 
though  occurring  in  a  formation  characterized  by 
the  large  amount  of  iron  it  commonly  bears,  contains 
a  remarkably  small  amount  of  that  substance,  which, 
together  with  minute  porportions  of  lime  and  mag- 
nesia, explains  its  infusibility. 

The  two  most  important  practical  purposes  which 
the  materials  occurring  in  the  deposits  just  describ- 
ed will  serve,  are  the  manufacture  of  fine  queenware 
and  that  of  fire  proof  brick.  ( Not  porcelain.  Kaolin 
or  porcelain  earth  contains,  besides  the  white  clay,  a 
certain  amount  of  undecomposed  feldspar,  which 
imparts  to  it  its  property  of  being  semi-fused  at  the 
temperature  of  the  porcelain  kiln.  The  same  prop- 
erty might  be  imparted  to  the  white  clay  in  ques- 
tion, by  the  artificial  admixture  of  ground  feldspar, 
but  it  could  not  thus  compete  with  the  naturel  kao- 
lin of  Alabama). 

As  for  the  queenware,  the  plasticity  of  the'  mate- 
rial leaves  nothing  to  be  desired ;  and  since  the  amount 
of  siliceous  matter  varies  greatly  in  different  lay- 
ers, there  could  be  no  difficulty  about  givng  to  the 
mass  the  precise  degree  of  meagerness  which  may 
be  found  most  advantageous,  by  mixing  the  several 
successive  layers.  The  same  may  be  said  with  reference 
to  the  manufacture  of  fire  brick  (to  which  these  ma- 
terials are  admirably  adapted),  which  would  proba- 
bly, at  the  present  time,  be  the  most  feasible  and  most 
profitable  manner  in  which  the  beds  could  be  made 
available.  The  manufacture  of  fire  brick  differs  from 
that  of  ordinary  brick  in  this,  that  it  requires  more 
care,  both  in  working  the  clay  and  in  moulding  the 
brick.  Beyond  their  fireproof  quality,  it  is  demanded 
of  fire  brick  that  their  shape  be  perfect,  their  mass 
uniform  and  without  flaws  in  the  interior;  also  that 
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they  shall  be  liable  to  the  least  possible  shrinkage  in 
a  high  heat.  The  latter  quality  is  imparted  to  them 
by  a  considerable  mixture  of  either  sand  or  ground 
fire  brick  to  the  fireproof  clay,  which  itself  ought  to 
be  thoroughly  seasoned  before,  and  then  well  worked 
up  with  such  additions  of  the  above  materials  as  may 
be  required.  In  judging  of  the  amount  of  sand  or 
ground  brick  to  be  added,  it  is  to  be  observed,  as  a 
rule,  to  add  as  much  as  may  be  consistent  with  the 
proper  firmness  of  the  burnt  brick  and  with  conve- 
nient moulding.  The  latter  process  ought  to  be  per- 
formed, as  in  the  manufacture  of  pressed  brick,  when- 
ever a  first-class  article  is  aimed  at,  for  it  is  only  thus 
that  external  and  internal  flaws  are  entirely  avoided. 
In  some  localities  materials  may  be  probably  found 
which  require  no  further  admixture — the  strongly  sili- 
ceous varieties  of  the  clay;  but  whenever  sand  or 
burnt  clay  is  added  to  the  mass,  care  should  be  had 
that  it  be  free  from  iron,  which  would  seriously  im- 
pair the  fireproof  qualities  of  the  clay.  None  but 
white  sand  should  be  used.  For  the  rest,  they  may 
be  burnt  in  kilns  like  commpn  brick." 

RUSSELL  AND  MACON  COUNTIES. 

Within  the  limits  of  Girard  and  Phoenix  Citj,  op- 
posite Columbus,  and  in  the  hills  to  the  west  of  Gi- 
rard, axe  many  exposures  of  the  Tuscaloosa  strata, 
aggregating  some  200  feet  in  thickness.  These  are 
composed  mainly  of  sands,  but  there  are  numerous 
beds  of  whitt,,  gray  and  purple  or  mottled  clays  inter- 
stratified  with  the  sands.  The  small  stream  which 
flows  through  Girard  exposes  a  number  of  these  clay 
beds,  and  others  are  to  be  seen  in  the  hills  to  the  west 
of  the  town.    The  materials  for  the  manufacture  of 
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drain  pipe,  vitrified  brick,  pressed  brick  etc.,  are  here 
in  abundance. 

These  clays  are  to  be  seen  at  intervals  along  the 
road  leading  toward  Montgomery,  e.  g.,  near  Marvyn, 
Crawford  and  Society  Hill,  the  prevailing  variety  be- 
ing the  mottled  red  or  purple  clay.  Northwest  of  So- 
ciety Hill  these  clays  occur  as  far  as  FarrelPs  Mill,  in 
Macon  county. 

Near  Cowles'  Station,  at  the  ferry  across  the  Talla- 
poosa river,  purple  clays,  three  feet  in  thickness,  show 
in  the  river  bank,  and  a  short  distance  further  down 
the  river  at  the  site  of  Old  Fort  Decatur,  a  fine  sec- 
tion of  the  Tuscaloosa  beds,  including  many  beds  of 
clay  from  one  foot  thickness  and  upwards  is  ex- 
posed.* 

ELMORE  AND  AUTAUGA   COUNTIES. 

In  the  vicinity  of  Old  Coosada  towrn,  along  (the 
banks  of  the  river,  about  Robinson  Springs  and  Edge- 
wood,  there  are  many  occurrences  of  the  clays  of  this 
formation,  analyses  of  which  have  been  made  by  Dr. 
Ries,  and  the  results  given  below  in  the  body  of  the  re- 
port. About  Edgewood  rthere  are  several  potteries 
and  one  ochre  mine  using  the  materials  of  the  Tusca- 
loosa formation.  McLean,  Vaughn  and  Boggs 
have  potteries  here,  and  Pressley  has  one  further 
west. 

At  Chalk  Bluff,  near  Edgewood,  there  is  a  very 
characteristic  section  exposed  in  an  ancient  bluff  of 
the  river,  now  at  a  distance  of  more  than  a  mile  from 
that  stream.     The  section  is  as  follows: 


*  Coastal  Plain  Report,  p.  554,  558. 
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Section  at  Chalk  Bluff,  Elmore  County. 

1.  Layette  red  loam  and  pebbles 15  feet 

2.  Gray  and  yellow  sandy  clays,  in  distinct  but 

Irregular  layers 6     " 

3.  White  clay,  3  feet  graduating  downwards  into 

yellow  ochreous  clay,  3  feet f     " 

4.  Gray  plastic  clay  blue  when  wet,  and  exceed- 

ingly tough  and  sticky ;  full  of  vegetable 
remains,  flattened  and  bltuminized   10     " 

Two  samples  of  this  clay  (Nos.  101  and  122)  have 
been  tested  and  analyzed  by  Dr.  Hies  (see  below  un- 
der the  head  of  Pottery  Clays  and  Brick  Clays) ,  where 
a  section  of  this  bluff  is  given,  differing  slightly  from 
the  above.  This  is  not  to  be  wondered  at,  since  *he 
stratification  is  very  irregular,  and  no  two  sections, 
twenty  feet  apart,  are  idential. 

Along  the  line  of  the  Mobile  and  Ohio  Ry.,  in  Auta- 
gua,  and  on  most  of  the  pubilc  roads  leading  from 
Prattville  north  and  northwest,  there  are  exposures  of 
Tuscaloosa  strata,  consisting  of  sands  and  clays,  the 
former  predominating.  In  the  western  or  nortlrwest- 
ern  part  of  the  county,  near  Vineton,  many  instruc- 
tive sections  of  (the  Tuscaloosa  beds  are  to  be  seen. 
Some  of  these  sections  include  beds  of  clay,  which  are 
of  interest  in  our  present  work. 

Section,  near  Col.  J.  W.  Lapsley's  place,  Vineton. 

1.  Stratified    clays    of    white,    pink,    and    purple 

colors,  lnterlaminated  with  thin  sheets  of 
yellow  sands :  the  lower  part  of  this  bed  has 
a  larger  proportion  of  sand   10%  feet 

2.  Gray   laminated  clay   with  partings  of  purple 

sands 5     " 

3.  Yellowish  white  laminated  clays,  with  purple 

and  other  bright  colors  on  the  dividing 
planes,  5  feet  showing,  but  the  same  beds 
appear  to  continue  down  the  hill  for  at  least 
ten  feet  further 15     " 
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Section  No.  t,  near  the  preceding. 

1.  Yellowish   Bands,   beautifully  cross-bedded....       4  feat 

2.  White  and  pink  clays,  Interbedded  with  yellow 

sands 10    " 


Section  No.  8,  same  locality. 

1.  Purple  clays  Interbedded  with  reddish  sands..       6  feet 

2.  Mottled   (red  and  yellow)   sandy  clays,  partly 

obscured  by  oyerLying  pebbles  and  sands 12    " 

3.  Red  sands  with  small  lenticular  bits  of  yellow 

clay 5 

4.  White  and  yellow  laminated  clays 6  to  8 


! 


At  the  bridge  over  Mulberry,  near  Vineton,  the  fol- 
lowing strata  are  shown  in  the  banks  of  the  creek : 

Section  on  Mulberry  Creek,  near  Vineton. 

1.  Mottled    purple    clays,    similar    to    those    at 

Steele's  Bluff  on  Warrior  River 5  feet 

2.  Yellow  cross  sandy  beds   2     " 

3.  Mottled   clays  sandy  below    5     " 

4.  Grayish  white  m  caceous  sands,  with  irregular 

patches  of  red  and  yellow  colors ;  to  water's 

edge 4     '• 


BIBB  COUNTY. 

m 

From  Vineton  up  to  Randolph  very  little  of  the 
strata  of  the  Tuscaloosa  formation  can  be  seen  until 
within  three  miles  of  the  latter  place,  where  dark  pur- 
plish gray  clays  are  to  be  encountered.  Between  Ran- 
dolph and  Centerville,  along  the  public  road,  and  at 
many  points  along  the  railroad  f-om  Mapleville  to 
Centerville,  there  are  occurrences  of  the  massive  clavs 
of  this  formation.  These  clays  have  given  much 
trouble  and  caused  much  expense  to  the  railroad, 
from  the  fact  that  when  softened  by  the  winter  rains 
they  squeeze  out  into  the  railroad  cuts,  filling  them  up 
and  overflowing  the  track.  Where  the  clays  from  the 
cuts  are  used  to  make  embankments,  they  are  equally 
troublesome,  as  they  are  continually  giving  way.     We 
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have  no  accurate  notes  of  the  sections  exposed  in  the 
railroad  cuts  but  the  public  road  from  Randolph  to 
Centerville  has  been  somewhat  closely  examined. 
At  Soap  Hill  there  is  a  typical  section  as  follows : 

Soap  Hill,  7  miles  East  of  Centerville. 

1.  Purple  and  mottled  clays  at  summit  of  hill ...       5  feet 

2.  Clayey  sands  in  several  ledges 10     " 

3.  Cross    bedded    yellowish    and    whitish    sands, 

traversed  at  Intervals  by  ledges  of  sandstone 
formed  by  the  induration  of  the  cross-bedded 
sands 30     " 

4.  Laminated  gray  clays  with  partings  of  sand . .     10     " 

5.  Alternations    of    laminated    gray    clays    with 

cross-bedded  sands  In  beds  of  12  to  18  inches 
thickness 40     " 

6.  Yellowish   cross-bedded   sands  with   clay   part- 

ings        20     " 

7.  Laminated  gray  sandy  clays  containing  a  few 

leaf  impressions   10     " 

8.  Grayish  white  sands 8     M 

On  the  same  road  in  the  eastern  part  of  the  town  of 

Centerville,  on  (the  School  House  Hill,  there  may  be 

seen  some  fifteen  feet  (thickness  of  purple  and  yellow 
clays. 

The  same  beds  show  along  the  Selma  road,  south  of 
Centerville,  at  many  points.  Sections  are  given  in 
the  Coastal  Plain  Report,  pages  336  and  338.  To  the 
southwest  of  Centerville  also,  in  townships  21  and  22, 
ranges  7  and  8,  many  of  (the  ridges  are  composed  of 
purple  clays  eight  or  ten  feet  in  thickness,  resting  on 
four  to  six  feet  of  gray  clays.* 

On  the  road  to  Tuscaloosa  the  clays  show  about  half 
way  between  Centerville  and  Scottsville. 

Along  the  line  of  the  Alabama  Great  Southern  Rail- 
road in  this  county,  there  are  many  exposures  of  the 
Tuscaloosa  clays,  e  .g.  at  Bibbville,  where  they  have 
been  utilized  for  many  years  in  the  manufacture  of 
semi-refractory  fire  bricks  for  grates,  etc.     A  great 

•Costal  Plain  Repoft,  page  338. 
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deal  of  the  material  is  shipped  now  to  Bessemer, 
where  it  is  worked  up  into  fire  brick.  Further  north, 
near  Woodstock  again  are  rather  extensive  diggings 
on  the  line  of  the  Birmingham  Mineral  Railroad, 
from  which  the  clay  is  shipped  to  Bessemer  and  used 
as  above  indicated. 

Dr.  Ries  has  investigated  the  clays  from  both  of 
these  localities,  and  his  results  are  given  below  in  the 
body  of  the  report,  under  No.  112  for  the  Bibbville's 
specimen,  and  No.  Ill  for  that  from  Woodstock.  He 
classes  them  with  the  fire  clays.  Another  specimen 
from  Woodstock,  classed  by  Dr.  Ries  as  brick  clay, 
has  been  tested,  (No.  126,  A.  Stevens). 

TUSCALOOSA    COUNTY. 

The  utilization  of  the  clays  of  this  formation  was 
begun  in  Tuscaloosa  county  by  Daniel  Cribbs  in  the 
year  1829.  He  was  the  pioneer,  though  it  is  said  that 
W.  D.  Preston  had  a  pottery  in  Autauga  county  in 
1828.  C.  K.  Oliver  has  had  a  pottery  in  this  county 
since  1856.  Peter  Cribbs,  in  Lamar  county,  carried 
on  the  business  for  twenty-five  years.  He  was  the 
brother  of  Daniel,  whose  son,  Harvey  H.  Cribbs,  has 
for  many  years  been  more  or  less  engaged  in  working 
the  clays  along  Cribbs  Creek,  two  miles  south  of  Tus- 
caloosa, and  later  four  miles  east  of  town  on  the  Ala- 
bama Great  Southern  Railroad.  The  Lloyd  family 
have  operated  several  potteries  in  Marion  county,  Al- 
abama, and  Itawamba  county,  Mississippi,  for  many 
years.  Fleming  W.  Cribbs,  a  son  of  Peter,  has  now  a 
pottery  at  the  new  town  of  Sulligent,,  on  (the  K.  C.  M. 
&  B.  R.  R.# 

Within  the  limits  of  the  city  of  Tuscaloosa  there 


♦Notes  of  Dr.  George  Little. 
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are  many  exposures  of  the  clays  of  this  formation  in 
<the  gullies  facing  the  river  bottom.  In  one  of  these 
gullies  the  section  is  as  follows : 

Section  in  Tuscaloosa. 

1.  Pebbles,  sand,  and  red  loam  of  the  Lafayette 

forming  the  plateau  on  which  the  city  of 
Tuscaloosa  stands    y 15  feet 

2.  Light  gray,   somewhat  massive   clays,   mottled 

with  yellow,  but  becoming  laminated  below      8    " 

3.  Dark  blue,  nearly  black  laminated  clays,  lam- 

inae half  an  inch  thick,  separated  by  thin 
partings  of  white  sand.  The  clay  contains 
leaf  impressions    3     " 

4.  Yellowish  gray  laminated  clays,  also  containing 

Impressions   of   variable   thicknesi,   average      2    " 

5.  Strongly     cross-bedded     sands,     yellowish     to 

white,  sharp,  with  a  few  streaks  of  clay  Ir- 
regularly  distributed   through    it 20     " 

At  the  proper  depth  below  the  surface,  the  clays 
above  mentioned  are  encountered  in  most  parts  of  the 
plain,  though  naturally  the  'thickness  of  the  beds  and 
their  character  vary  from  place  to  place. 

Eastward  from  the  city  the  cuts  of  the  A.  G.  S.  rail- 
road exposes  these  clays  at  numerous  points.  Some 
four  miles  from  town  they  have  been  utilized  by  Mr. 
Harvey  Cribbs  in  the  manufacture  of  flower  vases, 
jugs  and  similar  wares.  Below  about  twenty  feet  of 
the  surface  red  loam  and  pebbles,  we  find  at  this  place 
one  to  twelve  feet  of  white  clay,  free  from  streaks; 
then  «t!hree  feet  of  yellow  sand  and  a  bed  of  blue  clay 
of  undetermined  thickness.* 

D.  Kies'  analysis  and  tests  of  thef  Cribbs'  clays  are 
given  below  under  No.  1,  S.,  where  it  is  classed  among 
the  pottery  clays. 

At  the  Box  Spring,  about  five  miles  east  of  Tusca- 
loosa, the  railroad  cuts  expose  about  six  or  eight  feet 
of  laminated  gray  clays  marked  with  purple  streaks. 
Beyond  Cottondale,  nine  miles     from     Tuscaloosa, 

•Notes  of  Dr.  George  Little. 
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about  thirty  or  forty  feet  thickness  of  purple  clays  is 
seen  along  the  hillside. 

Some  twelve  miles  east  of  Tuscaloosa  the  grayish 
purple  clays  appear  in  many  places  along  the  slopes 
of  the  hills.  The  following  general  section  of  strata 
in  this  vicinity  will  give  a  good  idea  of  the  formation : 

Section  10— IB  miles  East  of  Tuscaloosa. 

1.  Purple  massive   clays    5     feet 

2.  Ferruginous  sandstone  crusts 6  to  8  inches 

3.  Variegated   clayey  sands  holding  small   pieces 

of  purple  clay   10  feet 

4.  Purple  clays  with  partings  of  sand 10 

5.  Ferruginous  crust   1 

6.  Laminated  gray  and  yellow  sandy  clays 6  to  8 

7.  Lignite  with  pyrite  nodules 2  to  6  inches 

8.  Dark  gray  somewhat  massive  clays 6  to  8     " 

0.     Strata  obscured  by  debris  from  above    20     " 

10.     Purple  clay  at  base  of  hill,  thickness  undermined. 

Along  the  A.  G.  S.  R.  R.  beyond  Cottondale,  *the 
cuts  show  many  varieties  of  materials  of  this  forma- 
tion, among  them  beds  of  purple  clays,  sometimes 
massive,  sometimes  laminated.  Just  beyond  Cotton- 
dale  the  clays  gave  much  trouble  many  years  ago  at 
what  was  known  as  the  "Sliding  Cut." 

A  mile  or  two  beyond  Vance's  Station,  a  bed  of  these 
clavs  is  now  being  worked  for  material  to  use  in  the 
manufacture  of  fire  brick  at  Bessemer. 

Southward  from  Tuscaloosa  the  clays  are  seen  in 
most  of  the  hills  bordering  Big  Sandy  Creek,  and 
judging  from  the  width  of  the  outcrop  along  the  hill- 
sides there  can  not  be  less  than  fifty  feet  thickness  of 
them. 

The  same  clays  show  along  the  A.  G.  S.  railroad  at 
Hull's  Station,  and  all  that  vicinity,  and  Dr.  Ries  pre- 
sents an  analysis,  together  with  the  physical  testsu 
of  a  sample  of  this  clay,  No.  B.,  which  he  classes  as  a 
refractory  or  fire  clay. 

A  characteristic  section  of  these    clays    exposed 
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along  the  hillsides,  just  south  of  Big  Sandy,  where 
the  Greensboro  road  passes,  is  given  below : 

Section  on  Big  Sandy  Creek,  Tuscaloosa  County. 

1.  Purple  or  mottled  clays,  like  those  occur 

ring    at     Steele's     Bluff,     on     Warrior 

river 30  feet 

2.  Light  yellow  sands  with  pebbles,  also  sim- 

ilar to  those     seen     at     Steele's     and 

White's  Bluffs 10  to  15  feet 

3.  Gray,  laminated  clay,  enclosing    a     lignl* 

tlzed  tree  trunk  at  base  of  hill 4  to  5  feet 

Further  south  the  materials  of  the  Tuscaloosa  for- 
mation seem  >to  be  more  sandy,  and  the  proportion  of 
clays  is  small. 

Along  the  banks  of  the  Warrior  river  below  Tusca- 
loosa, the  clays  show  up  in  many  places,  especially  in 
the  vicinity  of  Saunders'  Perry. 

At  the  Snow  place,  above  the  ferry,  there  are  some 

great  gullies,  in  which  these  sands  and  clays  of  the 

formation    are    exposed.     In  some  of  the  clay  beds 

many    leaf    impressions  have  been  obtained,  which 

have  assisted  in  the  determination  of  the  geological 
horizon  of  the  Tuscaloosa  formation. 

A  short  distance  above  the  ferry,  and  adjoining  the 
Snow  place,  there  is  a  bluff  about  140  feet  high  which 
show's  the  clavs  and  other  beds  of  this  formation 
very  clearly.     The  section  is  as  follows : 

Section  above  Saunders*  Ferry,  Warrior  River. 

1.  Massive  clays  of  greenish  and  purple  colors, 
breaking  with  conchoidal  fracture. 
On  drying  these  clays  become  hard  and 
rock-like.  When  wet  by  the  winter 
rains,  they  soften  and  slide  down  the 
slopes,  covering  them  completely 
in  places.     Thickness 40  feet 

2.  Laminated   sandy   clays,   gray,   with   sand 

partings 5  feet 

3.  Gray  cross-bedded  sands,  with  partings  of 

clay     along     many   of   the    planes   of 

false  bedding 25  feet 

4.  Gray   cross-bedded   sands   and   blue  mica- 

ceous sands 23  feet 
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At  Willifordte  landing  the  purple  clays  show  about 
ten  feet  in  thickness  below  the  second  bottom,  or  river 
deposits. 

At  Steele's  Bluff,  and  a  few  miles  below,  at 
White's  Bluff,  similar  purple  or  mottled  clays  make 
about  ten  feet  thickness  of  the  river  bluff. 

Westward  and  northwestward  of  Tuscaloosa  the 
clays  appear  along  all  the  Toads  for  many  miles  to 
the  western  boundary  of  the  county,  and  beyond  into 
Pickens.  The  clays  when  freshly  exposed  are  of  gray 
color,  but  undergo  a  series  of  changes  in  consequence 
of  weathering,  and  the  oxidation  of  the  iron  wrhich 
they  contain.  First,  the  gray  becomes  specked  with 
red,  and  this  color  gradually  increases  in  proportion 
until  it  prevails,  and  the  whole  body  of  clay  becomes 
a  dark  red  or  purple  mass,  with  few,  if  any,  of  the 
fragments  of  the  original  gray  color. 

At  John  Mills',  about  thirteen  miles  from  Tusca- 
loosa, on  the  Shirley  Bridge  road,  'the  following  sec- 
tion is  made  by  Dr.  Little : 

Section  in  Tuscaloosa  County, 

1.  Red  loam  and  sand   (Lafayette) 10  feet 

2.  Ferruginous  sandstone  crust 0  feet 

3.  Blue  clay   ( Sample  No.  1) 6  feet 

4.  Yellow  sand,  with  Indurated    crust  above  and 

below 7  feet 

5.  Blue  Clay  (No.  2) 6  feet 

4.     Yellow  sand,  with  Indurated  crust  above  and 

On  the  Payette  Court  House  road  the  same  clays 
show  at  many  points,  but  the  most  promising  clays 
along  this  road  have  been  observed  beyond  the  Tusca- 
loosa county  line  in  Fayette. 

The  Mobile  and  Ohio  road  to  the  northwest  of  the 
city  of  Tuscaloosa  exposes  in  many  of  its  cuts  beds  of 
clay,  which  have  been  a  source  of  much  trouble  and 
expense  house  of  the  filling  of  these  cuts  by  the 
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scftened  clay  during  the  winter  seasons.  Several  cuts 
in  the  vicinity  of  Ten  Mile  Cut  have  traversed  these 
beds  of  clay.  One  specimen  from  the  Ten  Mile  Cut 
has  been  examined  by  Dr.  Eies,  and  classed  among 
the  brick  clays  (No.  A),  though,  as  Dr.  Ries  remarks, 
there  is  no  reason  why  it  should  not  find  other  uses  as 
well. 

In  the  near  vicinity  of  this  cut,  on  land  formerly 
occupied  by  Mr.  J.  C.  Bean,  occur  three  beds  of  clay 
measuring  each  about  five  feet  thickness.  These  have 
been  investigated  by  Dr.  Eies  under  the  Nos.  118,  115 
and  100.  The  first  of  these,  classed  as  fire  clay,  has 
many  points  of  interest,  growing  out  of  its  dense 
burning  at  low  temperature,  and  the  great  difference 
in  temperature  between  the  points  of  incipient  fusion 
and  vitrification,  suggesting  its  suitability  foi*  use 
as  a  glass-pot  clay.  The  other  two  clays  are  classed 
as  pottery  clays,  and  are  perhaps  representative  of 
one  of  the  most  widely  distributed  types  of  the  clays 
of  this  formation. 

PICKENS  COUNTY. 

Near  the  line  of  the  M.  &  O.  road,  in  this  county, 
the  clays  are  observed  from  the  Tuscaloosa  county 
line  to  within  nine  miles  of  Columbus.  In  mode  of 
occurrence  and  in  the  character  of  the  clay  these  beds 
resemble  those  of  Tuscaloosa,  above  mentioned.  From 
Roberts'  Mill  on  Coal  Fire  Creek,  Dr.  Little  has  col- 
lected a  sample  of  white  clay  which  has  been  analyzed 
by  Dr.  Ries,  No.  32  S.  It  is  classed  by  him  among  the 
stone-ware  clays,  burning  to  buff  color,  and  is  in 
many  respects  similar  to  the  Cribb's  clay  of  Tusca- 
loosa. West  of  Coal  Fire  Creek,  and  at  a  distance  of 
18  to  20  miles  from  Columbus,  the  massive  reddish 
clavs  show  in  the  hills  to  a  thickness  of  40  to  50  feet.* 


•Notes  of  Dr.  George  Little. 


98         GEOLOGICAL  RELATIONS  OF  ALABAMA  CLAYS. 

LAMAR  COUNTY. 

The  strata  of  the  Tuscaloosa  formation  cover  the 
entire  area  of  Lamar  below  the  mantle  of  red  loam 
and  pebbles  of  the  Lafayette,  Among  the  strata  are 
numerous  beds  of  clay  of  varying  degrees  of  ourity. 
Dr.  Little's  notes,  which  follow  below,  give  many 
details  concerning  them. 

Along  the  line  of  the  Southern  (Georgia  Pac;fic) 
Railroad,  there  are  many  exposures  of  the  clays,  as 
at  Millport,  where  the  clay  shows  at  a  thickness  of 
four  feet ;  beyond  this  at  about  23  miles  from  Fayette 

Court  House,  the  clay  seems  to  be  10  feet  thick,  and 
near  this  at  Fernbank,  J.  D.  Green  has  a  pottery. 
His  clay  is  18  feet  (thick,  analysis  of  this  clay  is  to  be 
found  in  Dr.  Ries'  report,  No.  27  S. 

Along  the  road  from  Fayette  Court  House  to 
Vernon,  at  9  miles  from  the  former  place  we  have  thia 
section. 

Section  nine  miles  west  of  Fayette  C.  H.,  in  Lamar  Co. 

Blue  clay •  feet 

Mottled  clay 20  feet 

Sandy  clay 4  feet 

Three  miles  further  west  on  the  same  road,  this  clav 

is  some  20  feet  in  thickness.     Within  two  miles  of 

Vernon,  in  A.  W.  NichoFs  well,  blue  clay  8  feet  thick 
is  penetrated  below  six  feet  of  overlying  sands. 

One  mile  east  of  Vernon,  at  a  saw  mill,  there  is  clay,, 
white  and  3  feet  in  thickness. 

On  the  old  military  road  of  Gen.  Jackson  at  a  dist- 
ance of  20  miles  from  Columbus,  Miss.,  and  about  7 
or  8  miles  northwest  of  Vernon,  near  Bedford  P.  O., 
are  the  remains  of  a  pottery  once  owned  by  Peter 
Cribbs.  At  this  place  lives  Captain  Cribbs,  a  negro 
man    with  his  son,  Major.       Captain    worked    for- 
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many  years  in  the  potteries,  which  his  master,  Peter 
Cribbs  and  his  master's  widow,  managed  from  1865 
to  1886.  The  pottery,  3  miles  further  north  on  the 
Military  road  near  M.  P.  Young's,  was  the  place 
where  most  of  the  jugs,  jars,  etc.,  were  made.  The 
best  of  the  clay  for  these  potteries  was  obtained  from 
what  ift  now  Reuben  Powell's  land,  2  miles  west  of 
the  Military  road  in  the  northwest  quarter 
of  tiie  norhwest  quarter  of  S.  28,  T.  14,  R.  16.  The 
pits  were  dug  14  feet  down  to  the  clay,  which 
was  3  feet  thick.  Mr.  Powell  has  bored  with  an  8  inch 
augur  near  this  place,  and  found  clay  1£  feet  from  the 
surface,  5  feet  thick,  dark  brown  and  very  tough  and 
plastic.  Analysis  of  this  clay  is  given  by  Dr.  Ries 
under  No.  11   S. 

Lewis  J.  Jones,  who  now  lives  on  the  Powell  place 
in  the  southwest  quarter  of  southwest  quarter  of 
Section  23,  has  bored  a  well  in  his  yard  of  which  the 
section  is  as  follows : 

Section  in  Well,  Lamar  Co. 

Surface  sands  and  *  loams ". .  12  feet 

Clay 1%  feet 

Sand 9  feet 

Clay 2  feet 

White  sand 24  feet 

Clay,  penetrated  to  depth  of 2  feet 

but  so  tough  that  the  auger  could  not  be  raised, 

and  the  well  was  stopped. 

Clay  is  also  reported  at  Thomas'  Mills,  above  Hun- 
nel's  Bluff  on  Buttahatchie  creek  and  on  Wilson's 
creek  near  Friendship  Church. 

Westward  from  the  Military  road,  the  clay  terri- 
tory continues  to  within  10  miles  of  Aberdeen,  where 
level  land  and  white  sandy  soil  set  in. 

Gattman  is  on  the  Mississippi  State  line,  and  just 
west  of  it  across  Buttahatchie  is  Greenwood  Springs,4 
miles  from  Quincy  in  Monroe  county,  Mississippi. 
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One  and  a  half  miles  south  of  these  Springs,  there 
is  a  railroad  cut  85  feet  in  depth,  the  largest  cut  on 
the  road,  (K.  C.  M.  &  B.)  110  miles  from  Birming- 
ham.   In  this  cut  we  find  the  following  section : 

Sections  along  K.  C.  M.  d  B.  R.  R.,  Lamar  Co, 

Yellow   loam 5  feet 

Yellow  sand 15  feet 

Yellow  sand  with  streaks  of  clay 5  feet 

Blue  micaceous  clay,  sample  No.  11,  A 5  feet 

Half  a  mile  further  west  another  section : 

Yellow  clay 5  feet 

Ferruginous  sandstone,  used  for  ballast 10  feet 

Yellow  sand 20  feet 

Clay   with   sandy   layers 8  feet 

Compact  b'ue  micaceous  clay,  sandy 12  feet 

At  mile  post  111,  the  section  is : 

Red  clay 10  feet 

Banded  red  and  wliitc  ray.. 10  feet 

Pore,  sand    10  feet 

Half  a  mile  west  of  the  111  mile  post,  the  section  is : 

Red  loam  of  the  Laiayette  formation 5  feet 

Bright  yellow  sand 30  feet 

Clay 2  feet 

ijlght  yellow  sandy  clay 20  feet 

Red  and  white  clay 5  feet 

Near  the  State  line,  on  the  Kansas  City,  Memphis 
and  Birmingham  Kailroad,  3  miles  from  Sulligent  on 
the  west  side  of  Buttahatehie.a  pottery  has  been  oper- 
ated. At  Sulligent,  Fleming  W.  Cribbs  has  lately 
started  a  pottery.  He  is  a  son  of  Peter  Cribbs  and 
nephew  of  Daniel  Cribbs.  His  clay  bed  is  one-half 
mile  east  of  Sulligent  and  is  4  feet  thick,  and  Tvhite. 
He  says  that  Ips  father  carried  on  the  business  from 
1838  to  1853  when  he  died,  and  his  widow  continued 
the  work  to  1863,  his  account  agreeing  with  that  of 
the  negro,  Captain,  nearly  as  to  time  of  operation, 
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but  placing  it  in  entirely  different  decades.  He  has 
orders  now  for  5000  gallons  (jugs)  from  Birmingham 
and  Bessemer,  at  eight  cemts  a  gallon.  He  has  two 
hogback  kilns  with  a  capacity  of  800  jugs  each.  His 
clay  is  found  in  a  washed  out  old  road  and  is  overlaid 
by  10  feet  gravel. 

Kye  has  a  pottery,  6  miles  north  of  Millville,  Detroit 
P.  O.  Davidson  Brothers  have  one  also  in  same  neigh- 
borhood. Lloyd  has  one  near  the  Mississippi  line  in 
Itawamba  county.  These  compete  with  potteries  at 
Holly  Springs,  Mississippi,  and  Pinson's  12  miles 
from  Jackson  Tenn.,  for  the  West  Tenn.  and  Miss, 
trade.  From  State  line  at  Gattman  fa)  Glenn  Allen, 
clay?  are  very  abundant  and  of  fine  quality  all  along 
the  Kansas  Citv  Railroad,  and  this  is  destined  to  be 
an  important  center  of  trade  in  all  kinds  of '  clay 
manufacture.  Beaver  Creek  flows  nearly  west,  par- 
allel with  the  railroad.  Beaverton  is  a  station  on  Sec- 
tion 17,  Township  13,  Kange  14  west.  One  mile  west 
of  William  Brown's  place,  Section  10,  and  on  Ed- 
mund Barnes',  Section  16  and  on  Ira  Sizemore's,  Sec- 
tion 17,  clay  abounds.  Brown  has  ten  feet  blue 
clay  overlaid  by  10  feet  cross  banded  yellow  sand.  5 
miles  east  of  Beaverton  and  2  miles  west  of  Guin, 
there  is  10  feet  white  and  yellow  sand  and  underlaid 
by  3  inches  of  ferruginous  conglomerate. 

FAYETTE  COUNTY. 

Over  the  greater  part  of  the  area  of  Fayette  county, 
the  strata  of  the  Coal  Measures  are  covered,  to  a 
depth  increasing  as  we  go  westward,  by  beds  of  the 
Tuscaloosa  formation  capped  with  the  red  loam  and 
pebbles  of  the  Lafayette.  Among  the  strata  of  the 
Tuscaloosa  there  are  many  beds  of  clay  of  purple, 
gray  and  white  colors.    About  the  Court  House,  a  bed 
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of  white  clay  is  reached  at  many  points  below  a  vary- 
ing thickness  of  overlying  strata.  Thus  at  Mr.  Sam 
Appling's  a  bed  of  fine  white  clay,  6  feet  in  thickness, 
is  cut  in  a  well,  and  apparently  the  same  bed  is  known 
to  underly  the  region  about  the  depot.  Mr.  Appling's 
is  in  Section  24,  Township  15,  Range  13  west. 

From  Dr.  Little's  notes,  I  am  able  to  give  a  number 
of  details  of  the  occurrences  of  these  clays.  Seven 
miles  from  Fayette  Court  House,  on  the  road  to  Mc- 
Collum's  Bridge,  is  a  bed  of  three  feet  thickness  of 
very  pure  clay  ,hard  and  firm,  which  breaks  up  on  ex- 
posure into  nodules,  and  the  same  bed  shows  on  an- 
other road  to  the  west  of  this  about  one  mile,  south  of 
Wallace's  Mill  on  Gilpin's  creek,  on  W.  D.  Bagwell's 
land. 

Dr.  Ries'  analysis  of  this  clay  is  to  be  found  in  the 
report  under  number  67,  S. 

On  the  road  to  Pikeville,  seven  miles  from  Fayette 
Court  House,  we  have  the  following  section : 

Section  .seven  miles  north  of  Court  Bouse,  Fayette  Co. 

Red  loam  of  Lafayette 2  feet 

Gravel 10  feet 

Clay 3  feet 

Gravel 3  feet 

Between  the  depot  and  the  Court  House  Dr.  Little 
has  observed  three  feet  of  good  white  plastic  clay  in  a 
ravine  on  the  roadside,  and  the  same  bed'  is  exposed 
in  the  ravines  at  many  points  on  the  eastern  edge  of 
the  old  town.  Five  miles  west  of  the  Court  House  on 
the  Vernon  road,  some  tan  yard  vats  were  dug  years 
ago,  three  feet  into  a  blue  clay.  About  half  a  mile 
from  the  depot,  Mr.  Joe  Lindsay  reports  fine  white 
clay,  twelve  feetl  below  the  surface,  which,  he  says, 
was  twenty  feet  thick. 

To  the  westward  and  southwestward  of  the  town 
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along  the  line  of  the  railroad,  the  clay  shows  in  a  cut 
one  mile  from  the  depot.  On  the  Columbus  road,  four 
miles  from  Payette,  a  six  foot  bed  of  clay  is  recorded, 
and  five  miles  further  west,  at  Hezekiah  Wiggins'  a 
bed  of  blue  clay,  four  feet  thick.  Dr.  Ries  has  tested 
and  analyzed  this  clay  under  No.  32,  S. 

Half  a  mile  further  west,  at  Henry  Wiggin's,  there 
is  a  bored  well,  eighty  feet  deep,  which,  below  the 
depth  of  fifteen  feety  seems  to  be  mostly  in  clay.  One 
fourth  of  a  mile  beyond  this,  near  Waldrop's,  a  bed  of 
blue  clay,  10  fet  thick,  shows  at  the  bottom  of  a  hill, 
and  fifteen  feet  higher  up  another  bed  appears. 

Along  the  road  to  Tuscaloosa  at  seven  miles  from 

Fayette,  and  also  a  mile  further  on,  clay,  three  feet  in 

thickness,  is  exposed.  Again  in  section  13,  township 
17,  range  12,  about  a  quarter  of  a  mile  from  Shirley's 
Mill,  several  beds  of  clay  are  shown  along  a  hill  side. 
One  of  «these  beds,  a  brown  clay,  about  three  feet  in 
thickness,  is  full  of  finely  preserved  leaf  impressions, 
and  below  it  a  fine  sandy  clay  of  three  feet  thickness. 
This  is  near  the  11  mile  post  from  Fayette. 

Dr.  Ries  has  analyzed  two  samples  of  the  clay  from 
this  place  under  the  numbers  68,  S.,  and  110,  and  the 
reader  is  referred  to  these  analyses  and  the  remarks 
of  Dr.  Ries  below. 

Two  miles  southwest  of  Shirley's  Mill  on  Davis' 
Creek.  J.  W.  Black  reports  four  feet  of  blue  clay  in 
section  25,  township  17,  range  12  west. 

Near  Doty's  place,  one  mile  east  of  Concord  Church 
and  about  thirteen  miles  from  Fayette,  there  is  the 
following  section  exposed  in  a  gully : 

Section  near  Doty's,  Fayette  Co. 

Red  loam  and  sands  of  the  Lafayette 4  feet 

Ferruginous  sandstone  crust 2  Inches 

White  clay  (No.  7,  Dr.  Ries) 6  feet 

Yellow  sand 5  feet 

Variegated  clay  (No.  71,  Dr.  Ries) 2  feet 

White  sand 2  feet 

Mottled  clay,  red  and  white 8  feet 
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Dr.  Ries'  analyses  of  the  two  clays  here  exposed 
may  be  seen  below  under  numbers  70  and  71. 

MARION  COUNTY. 

While  the  strata  of  the  Coal  Measures  underlie  the 
entire  area  of  Marion  county,  yet  these  rocks  do  not 
form  the  surface  over  any  great  proportion  of  this 
area,  since  they  are  very  generally  bidden,  except 
along  the  valleys  of  «the  streams,  by  overlying  mea- 
sures of  the  Tuscaloosa  and  Lafayette  formations. 
Among  the  strata  of  the  Tuscaloosa,  here  as  in  Fay- 
ette, we  find  many  fine  beds  of  clay.  '  Here  again,  Dr. 
Little  has  collected  many  details  of  the  occurrence  of 
these  clays  and  what  follows  wre  take  mainly  from  his 
notes,  though  use  is  made  also  of  what  has  been  pub- 
lished in  my  Coastal  Plain  Report,  pages  331,  332  and 
333. 

In  the  lower  part  of  the  county  along  the  line  of 
the  K.  C.  M.  &  B  Railroad,  clays  are  exposed  in  rail- 
road cuts  all  the  way  from  Eldridge  to  Guin. 

From  New  River  crossing  near  Texas  P.  O.,  on  to 
Glen  Allen,  several  beds  of  clay,  of  no  great  thickness, 
are  to  be  seen.  A  mile  east  of  Glen  Allen,  in  what  is 
known  as  Stewart's  Cut,  we  have  the  following  sec- 
tion : 

Stewart's  Cut,  one  mile  east  of  Glen  Allen. 

Gray  laminated  clay  with  fine  leaf  Impressions...  25  feet 
Ferruginous  sandstone  crust  of  irregular  thickness  1  foot 
Cross-bedded  sands  of  yellow  and  pink  colors 25  feet 

The  uppermost  of  the  beds,  above  named,  contains 
many  beautifully  preserved  leaf  impressions  wyhich 
are  very  easily  gotten  out.  The  clay  has  been  ex- 
amined bv  Dr.  Ries  under  No.  18,  S. 

At  another  cut,  half  a  mile  nearer  Glen  Allen,  we 
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find  twenty  feet  of  white  sand  with  two  feet  of  white 
clay,  and  below  this  a  blue  plastic  clay  extending  be- 
low the  railroad  track. 

This  sand  has  been  shipped  to  Memphis  as  mould- 
ing sand  for  the  foundry.  At  Glen  Allen,  Dr.  Little 
gives  this  section : 

Section  at  Glen  Allen,  Marion  Co. 

Brown  clay , 12  feet 

Yellow  sand 12  feet 

Wntte  pipe  clay 2  feet 

Two  miles  east  of  Guin,  on  the  same  road,  Dr.  Little 
observes  five  feet  of  clay  below  a  capping  of  red  sand, 
and  one  mile  west  of  Guin,  (six  miles  from  Beaver- 
ton)  he  gives  the  following  section : 

Section  near  Qwin,  Marion  Co. 

Cross-bedded  yellow  sands 10  feet 

Clay 4  feet 

Sand ' 3  feet 

Banded  clay 3  feet 

Sand 3  feet 

On  the  South  Fork  of  Buttahatchie  in  the  vicinity 
of  Pearce's  Mill,  there  are  several  occurrences  of  clay 
and  shale  worth  consideration.  D-.  Eies  collected 
specimens  from  near  the  mill  and  gives  his  analyses 
of  two  samples  under  No.  1  and  No.  2,  both  of  which 
he  classes  as  refractory  or  fire-clays.  He  also  gives 
his  tests  of  some  shales  of  the  Carboniferous  forma- 
tion, which  are  well  adapted  to  the  manufacture  of 
vitrified  brick  (No.  3).  Another  sample  of  hard  and 
perfectly  white  clay  was  collected  by  Dr.  Little  from 
near  the  top  of  a  hill  one-fourth  of  a  mile  east  of  the 
mill.  This  Dr.  Ries  has  analyzed  under  No.  36,  S., 
and  it  is  classed  by  him  as  a  china  clay.  Dr.  Little 
.reports  that,  in  pulverized  condition,  it  is  used  as  a 
face  powder  by  the  ladies  in  the  vicinity. 
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It  is,  however,  in  Townships  9  and  10  and  Ranges 
11,  12  and  13,  that  we  find  the  most  important  de- 
posits of  clay  in  this  county.  The  typical  locality  of 
its  occurrence  is  at  Chalk  Bluff,  which  gets  its  name 
from  the  white  clay.  Specimens  collected  by  myself 
were  analyzed  by  Dr.  Wm.  B.  Phillips  and  results 
published  in  the  Coastal  Plain  report,  page  346.  Dr. 
Little's  sample  was  collected  on  the  land  of  J.  J.  Mit- 
chell, in  northeast  quarter  of  Section  8,  Township  10, 
Range  13,  from  a  bed  five  feet  in  thickness.  The  an- 
alysis of  this  is  given  below  under  No.  38,  S.,  and  on 
the  same  page  Dr.  Phillips'  analysis  is  reprinted. 
This  locality  gives  the  name  to  the  postoffice.  In  the 
same  quarter  section,  Dr.  Little  has  collected  a 
sample  from  Briggs  Frederick's  land,  and  the  analysis 
of  this  is  given  by  Dr.  Ries  under  No.  37,  S. 

Another  sample  from  the  same  locality  from  land 
of  Mrs.  Susan  Nelson,  has  been  examined  by  Dr.  Ries 
(his  number  85).  The  same  clay  is  reported  by  Dr. 
Little  as  occurring  southwest  of  Chalk  Bluff  at  M.  E. 
Gaasett's,  Section  13.  TowTnship  13,  Range  10,  as  well 
as  at  a  number  of  localities  within  a  radius  of  five  or 
six  miles  around  Chalk  Bluff.  ■  This  clay  is  hard  and 
white,  approaching  pure  kaolin  in  composition.  It  is 
in  a  bed,  five  to  seven  feet  in  thickness,  and  needs  only 
facilities  for  transportation  to  become  one  of  <the  most 
valuable  deposits  m  the  State. 

Between  Pikeville  and  Hamilton,  clays  are  of  fre- 
quent occurrence,  one  of  these  near  the  former  place 
and  some  ten  miles  from  Hamilton,  collected  by  Dr. 
Little  has  been  analyzed  by  Dr.  Ries,  (No.  65,  S.) 

Westward  from  Hamilton  to  the  Mississippi  line 
and  beyond,  Dr.  Little  reports  many  occurrences  of 
clay  of  various  qualities.  From  the  vicinity  of 
Bexar,  three  samples  of  clay  have  been  collected  by 
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Dr.  Little  and  analyzed  by  Dr.  Hies,  (numbers  12, 
40  S.  and  41  S. ) .  The  bed  in  this  region  is  about 
four  feet  in  thickness.  Nos.  12  and  40  are  from  H. 
Palmer's  and  No.  41  from  Bexar,  a  mile  further  west, 
near  Pearce's  Store  and  Mill. 

Near  the  State  line  on  the  road  to  Tremont,  Miss., 
twenty  feet  thickness  of  clay  is  reported  as  being  cut 
in  a  well. 

Beyond  the  State  line,  the  clays  continue,  and  at 
Davidson's  Store,  Lloyd's  pottery,  they  are  put  to  a 
rather  remarkable  use,  namely  for  head  srtJones  of 
graves,  for  which  purpose  they  are  moulded  into  flat 
tablets,  provided  with  suitable  inscriptions  and  then 
baked.  These  stones  appear  to  be  quite  durable  al- 
though necessarily  liable  to  be  broken. 

A  number  f  potteries  in  this  vicinity  use  this  clay 
which  is  about  four  feet  in  thickness,  and  quite 
similar  to  that  mentioned  above  as  occurring  about 
Gattman  in  Lamar  county,  on  the  K.  C.  M.  &  B.  Kail- 
road. 

The  Bexar  variety  of  clay  extends  for  a  good  many 
miles  northward  up  Hurricane  Fork  and  along  Bull 
Mountain  Creek. 

FRANKLIN  COUNTY. 

In  Franklin  county  the  underlying  Paleozoic  rocks 
of  Carboniferous  and  Subcarboniferous  ages  are  ex- 
posed along  the  valleys  of  the  streams,  but  every- 
where else  are  covered  with  a  mantle  of  varying 
thickness  of  the  sands,  clays  and  pebbles  of  the  Tus- 
caloosa and  Lafayette  formations. 

As  in  the  other  counties  adjoining  towards  the 
south,  so  in  this,  it  is  in  the  Tuscaloosa  strata  that  we 
find  the  important  deposits  of  clay.  In  parts  of  the 
county,  especially  in  the  vicinity  of  Russellville,  val- 
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uable  deposits  of  limonite  or  brown  iron  ore  have 
been  for  many  years  and  are  now  being  worked  to 
supply  the  furnaces  at  Sheffield  and  Florence. 

Associated  with  these  ore  beds  are  clay  horses, 
as  they  are  called,  which,  in  places,  yield  an  abun- 
dance of  fine  white  clay.* 

Other  occurrences  of  the  clays  of  the  Tuscaloosa 
formation,  not  associated  with  the  iron  ores,  have 
been  recorded  by  Dr.  Little,  from  whose  notes  the  fol- 
lowing details  have  been 'obtained. 

On  the  southern  boundary  of  the  county,  near  Sa- 
voy postoffice,  in  T.  8,  R.  14,  near  Dr.  Kilgore>s  Mill, 
a  bed  of  blue  plastic  clay  three  feet  thick  is  noted, 
above  which,  one  hundred  feet  up  the  hill,  is  a  bed  of 
four  feet  thickness  of  red'  clay  or  ochre  (red  chalk), 
and  just  above  this  a  bed  four  feet  thick  of  pure,  hard, 
white  clay,  like  that  of  Chalk  Bluff,  in  Marion  coun- 
ty. The  same  beds  are  to  be  seen  at  many  points 
ground  Savoy  within  a  radius  of  three  miles.  Half 
a  mile  west  of  Burleson  a  bed  three  feet  in  thickness 
of  white  clay  is  found  immediately  overlying  the  blue 
limestone  of  the  Subcarboniferous  formation.  Along 
the  road  from  Burleson  to  Belgreen  the  clay  is  ex- 
posed at  several  points. 

Northwest  of  Russellville,  on  the  road  to  Frank- 
fort, large  deposits  of  white  clay  were  reported,  but 
not  seen  bv  Dr.  Little. 

Near  the  State  line,  in  S.  9,  T.  7,  R.  15,  on  Gilley's 
branch,  occurs  a  bed  of  clay  from  which  material  'has 
been  obtained  for  a  pottery  formerly  worked  by  Mr. 
Chaney,  two  miles  east  of  Pleasant  Ridge,  Miss. 

Southward  of  this  locality,  in  S.  20  and  S.  29,  of 
T.  8,  R.  15,  Mr.  Thomas  Rollins  has  a  bed  of  clav  four 
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feet  in  thickness,  a  sample  from  which  has  been  tested 
by  Dr.  Ries,  No.  62  S.  The  country  for  several  miles 
in  all  directions  about  Rollins'  is  rough  and  hilly,  the 
hills  capped  with  beds  of  pebbles  and  a  ferruginous 
sandstone  crust,  but  the  beds  of  clay,  interstratified 
with  sands,  seem  to  make  up  a  very  considerable  pro- 
portion of  their  bulk. 

COLBERT  COUNTY. 

In  the  northern  andl  eastern  parts  of  this  county 
the  strata  of  the  Subcarboniferous  formation  make 
the  surface,  but  in  the  southern  and  western  parts 
these  older  formations  are  covered  by  the  mantle  of 
sands,  pebbles  and  clays  of  Tuscaloosa  and  Lafayette 
formations,  the  former  of  which  carries  the  impor- 
tant clay  deposits  here  as  elsewhere.  The  best  of 
these  clays  occur  near  the  wesltern  border  of  the 
county,  as  well  as  in  the  adjacent  parts  of  Missis- 
sippi. 

The  station  Pegram,  on  the  Memphis  and  Charles- 
ton Railroad,  seems  to  be  about  the  central  point  in 
•this  clay  region.  Some  extensive^jvorks  fo*  the  man- 
ufacture of  fire  brick  and  other  kinds  of  brick  have 
been  established  here  under  the  name  of  the  "Ala- 
bama Fire  Brick  Works."  The  clay  is  obtained  from 
the  southwest  part  of  S.  27,  the  northeastern  part  of 
S.  3,  and  the  northwestern  part  of  S.  34,  in  T.  3,  R.  15 
W.  The  clay  appears  in  several  beds,  as  shown  by 
the  section  below,  which  is  taken  from  the  notes  of 
Dr.  Little. 

Section  near  Pegram,  Colbert  Co. 

Pebbles  of  large  size  with  sands 30  feet 

White  clay,  one-eighth  of  a  mile  from  mill 3  feet 

Small   gravel 1  foot 

White  clay,  sample  No.   55,   S 6  feet 

Sand   with   large  gravel   overlying 16  feet 

Yellow  clay,  sample  No.  56,  S 6  feet 

White  clay •.    1  foot 

Purple  and  black  clay,  sample  No.  57,  S 10  feet 

Gray  clay,  sample  No.  58 5  feet 
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On  land  belonging  to  Mrs.  C.  Khea,  in  the  vicinity, 
Dr.  Little  gives  the  section  as  follows : 

Yellow  loam 1  foot 

Sandy  clay   (fire  clay),  sample  No.  59 5  feet 

Of  these  clays  Dr.  Ries  has  analyzed  and  tested 
Nos.  55,  56  and  57 ;  No.  56  being  classed  by  him  among 
the  china  clays,  while  the  other  two  are  ranked  as  fire 
clays.  The  brick  from  this  locality  are  used  in  Shef- 
field for  lining  the  furnaces,  and  they  are  also  used 
by  the  railroad. 

In  the  Valley  Regions  Report,  Part  I,  are  given 
three  analyses  of  clays  collected  from  this  region  near 
the  State  line.    These  are  as  below : 

Analyses  of  Clays  from  near  Pegram. 

1. 

Combined   water 8.250 

Silica 66.122 

Alumina 24.781 

Ferric   oxide trace 

Total 09.158 

(1.)     A  light  colored  clay  with  small  lumps  of  gritty  matter. 
(2.)     A  dark  gray  clay  with  black  specks  ot  organic  matter. 
(8.)     A  pinkish  clay  with  white  specks. 

The  light  colored  clay  (1)  above  has  been  seen  also 
on  the  south  side  of  Little  Mountain,  near  the  bottom 
of  the  pebble  hills,  along  the  county  line,  a  few  miles 
northeast  of  Frankfort.  It  shows  here  in  an  irregu- 
larly stratified  seam  beneath  the  pebble  bed.  It  is 
quite  pure  and  white,  and  has  occasionally  found  use 
as  a  whitewash,  for  which  purpose  it  seems  well 
adapted.* 


2. 

3. 

6.827 

7.085 

76.911 

68.108 

11.173 

10.858 

3.448 

14.471 

99.360 

100.522 

•Valley  Regions,  Part  I,  page  180. 
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LAUDERDALE  COUNTY. 

The  Tuscaloosa  formation,  which  carries  the  clay 
deposits,  covers  only  the  western  half  of  Lauderdale, 
the  Subcarboniferous  rocks  forming  the  surface  over 
the  eastern  half.  The  clays  are  white,  red  and  mot- 
tled, and  generally  quite  plastic.  Mr.  McCalley  gives 
some  notes  concerning  them. 

At  the  Tan-Yard  Spring,  in  the  N.  E.  \  of  the 
N.  W.  J  of  S.  24,  T.  1,  R.  14  W.,  there  is  the  following 
section : 

Section  at  Tan  Yard  Spring,  Lauderdale  Co. 

Ferruginous  crusts 1  foot 

Clay,     somewhat    stained  with  Iron,  unctious  and 

plastic  when  wet 5  feet 

This  clay  has  been  analyzed  by  Dr.  Pickel,  of  the 
University  of  Alabama,  with  the  following  results : 

AnalyHs  of  Clay,  Tan  Yard  Spring,  Lauderdale  Co. 

Silica „ . . .       69.65 

Aomlna 27.04 

Ferric   oxide 4.75 

In  the  gullies,  near  the  top  of  the  divide  between 
Brush  and  Bluff  creeks,  in  the  southwest  of.  the 
northeast  of  S.  30,  T.  1,  R.  13  W.,  there  are  deposits 
of  white  unctuous  clay  from  seven  to  eight  feet  thick.* 

Dr.  Little's  notes  supply  some  additional  informa- 
tion about  the  clays  of  this  county.  Mr.  Wm.  J. 
Beckwith  has  a  clay  deposit  four  and  one-half  miles 
from  Wright's  postofflce,  on  Brush  Creek.  It  is 
upon  a  high  hill,  and  is  Ave  or  six  feet  in  thickness. 
The  clay  is  of  a  light  yellow  color,  and  is  firm,  fine 
grained  and  smooth.     It  has  been  shipped  north  and 

*  Valley  Regions,  Part  I,  page  105. 
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sold  for  $12  a  barrel,  and  can  be  delivered,  barreled, 
on  the  boat  on  the  Tennessee  river  for  $1  a  barrel. 

There  is  a  red  clay,  suitable  for  paint,  belonging  to 
the  Sheffield  Paint  Company,  near  the  county  line, 
six  miles  from  Iuka,  Miss.  The  bed  is  ten  feet  thick. 
The  white  clay  from  Clingscale's  Mill,  Miss.,  men- 
tioned above  in  the  extract  from  Dr.  Hilgard's  report, 
comes  from  localities  near  the  State  line,  west  of  Lau- 
derdale county. 

In  many  parts  of  this  county  there  are  beds  of 
white  pulverulent  silica,  which  have  occasionally 
found  use.  Thus  at  Florence  the  Mineral  Paint  and 
Tripoli  Company  make  a  paint  by  mixing  clay  and 
this  fine  silica  together.  At  Waterloo,  also,  the  same 
white  silica  appears,  as  at  Eastport,  in  Colbert  coun- 
ty. This  material  has  been  used  in  the  manufacture 
of  glass  at  Pittsburg,  Pa. 

TERTIARY  AND  POST  TERTIARY  FORMATIONS. 

The  clays  from  these  two  formations  have  not  yet 
been  specially  investigated,  the  only  representative 
herein  contained  being  the  flint  clay  from  Choctaw 
county.     The  material  is  spoken  of  under  the  head  of 
Firfe  Clays.     There  is  a  very  great  abundance  of  this 
clay  in  the  counties  of  Choctaw,  Clarke,  Conecuh, 
etc.,  in  the  lower  Claiborne  or  Buhrstone  division  of 
the  Tertiary.     Over  the  greater  part  of  the  Coastal 
Plain,  in  the  river  second  bottom  or  Post  Tertiarv 
formations,   there  is  the  best  of  the  yellow  loams 
which    are    suitable  for  the  making  of  the  ordinary 
building  brick.     These  loams  correspond  in  age,  ap- 
proximately, to  <the  Plisocene  clays  of  the  northern 
states,  which  are  so  extensively  used  for  the  same 
purposes.    Besides  these    second     bottom     deposits, 
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there  are  lens  of  pure  plastic  clays  to  be  found  in 
many  places  interstratified  with  the  prevailing  sands 
of  the  formation.  Many  of  these  clays  have  been  re- 
ceived and  superficially  tested,  but  it  is  the  intention 
to  extend  the  present  investigation  over  that  part  of 
the  state  in  the  near  future. 


Ill 

PRELIMINARY  REPORT  OF  THE  PHYS- 
ICAL AND  CHEMICAL  PROP- 
ERTIES OF  THE  CLAYS 
OF  ALABAMA, 

By  Hetnrich  Hies,  Ph.  D. 

The  teste  which  are  described  below  were  made  in  part 
on  samples  collected  by  the  writer,  and  in  part  on  sam- 
ples collected  by  Prof.  Smith.  In  the  examination  of  the 
different  lots  of  clay  an  endeavor  has  been  made  to  per- 
form such  tests  on  the  materials  as  would  tend  to  give* 
information  of  value  to  the  practical  clay  worker. 

This  therefore  includes  the  determination  of  the  shrink- 
age of  the  clay  in  drying  and  burning,  the  degree  of  its- 
plasticity,  the  color  when  burned  at  different  tempera- 
tures, the  temperature  of  incipient  fusion,  vitrification 
and  viscosity,  and  other  minor  points. 

In  some  cases  it  is  possible  to  state  what  the  possible- 
applications  of  a  given  clay  are,  but  in  many  instance* 
any  one  clay  is  susceptible  of  being  mixed  with  two  or 
three  other  clays  and  utilized  in  four  or  five  different 
ways.  The  main  point  therefore,  is  to  point  out  the 
properties  of  the  deposits,  so  that  the  manufacturer  may 
find  out  more  readily  whether  the  State  contains  materi- 
als, of  the  nature  desired  by  him,  and  in  what  portion  of 
the  State  they  are  to  be  found. 

It  may  be  said  in  general  that  the  results  of  tjbo  test* 
made  indicate  ^  occurrence  of  a  great  djiv.ewty  of  claya 
in  the  Stfrte,  raging  firon^  Uie:  m<H$.  ipipure  awl  easily 
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fusible  ones  to  the  very  refractory  bauxites,  which  are 
.  unaffected  by  high  temperatures. 

These  investigations  relate  chiefly  to  those  deposits 
which  have  not  yet  been  worked,  with  a  view  to  aid  the 
development  of  Alabama's  clay  resources;  and  conse- 
quently little  is  said  with  regard  to  the  industry  already 
established. 

Where  a  number  in  parenthesis  follows  the  name  of 
the  locality,  it  refers  to  the  number  in  the  writer's  note 
book,  unless  succeeded  by  the  letter  8  in  which  case  the 
number  is  that  on  the  label  furnished  by  Dr.  Smith. 

The  clays  examined  by  me  have  been  classified  below 
as  follows:  China  Clays;  Fire  Clays;  Potters'  Clays;  Brick 
Clays;  Miscellaneous  Clays,  and  a  few  pages  have  been 
added  on  the  utilization  of  clays,  in  the  manufacture  of 
Portland  Cement. 

CHINA  CLAYS. 

China  clays  might  include  those  used  in  the  manufac- 
ture of  porcelain  and  white  earthenware,  and  of  these, 
two  grades  are  recognized,  i.  e.,  kaolins,  or  china  clay 
proper,  and  ball  clays.  The  former  possess  little  plastici- 
ty, a  low  percentage  of  fusible  impurities,  are  generally 
highly  refractory  and  burn  to  a  pure  white  body.  Very 
few  kaolins  can  be  put  on  the  market  in  the  condition  in 
which  they  are  mined,  and  most  of  them  have  to  be 
washed  in  order  to  eliminate  impurities  which  would  tend 
either  to  discolor  the  clay  or  to  render  the  texture  far  too 
coarse.  The  tensile  strength  of  kaolins  may  vary  from  5 
to  15  lbs.  or  even  reach  25  lbs.,  and  the  influence  of  this 
low  strength  is  overcome  by  the  addition  of  plastic  ball 
clay.  Iron  is  a  very  objectional  impurity  and  should 
not  exceed  1  per  cent,  indeed  the  less  of  it  the  better. 
Alkalies,  if  present,  as  silicates,  are  not  wholly  undesirable 
for  they  serve  as  beneficial  fluxes,  but  if  contained  in  the 
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clay  as  eulphates  they  may  cause  blisters,  especially  if  the 
clay  is  heated  too  rapidly,  and  the  same  holds  true  of  sul- 
phate of  lime  or  gypsum.  Many  washed  kaolins  ap- 
proach very  closely  to  the  theoretical  composition  of  kao- 
linite,  while  others  leven  when  washed  may  contain  a 
high  percentage  of  total  silica  due  to  the  presence  of  much 
quartz  and  perhaps  feldspar.  If  these  two  accessory  min- 
erals contain  no  iron  they  are  harmless,  especially  if 
finely  divided,  and  the  rational  analysis  of  clay  is  known. 
( See  method  of  clay  analysis. )  The  term  kaolin  is  usu- 
ally, and  always  should  be  restricted  to  white  burning 
clays  of  residual  origin.  They  are  in  most  instances 
highly  refractory,  but  they  might  also  be  of  such  compo- 
sition as  to  bring  about  fusion  at  a  low  temperature,  and 
at  the  same  time  burn  white.  It  is  the  absence  of  plastici- 
ty in  kaolins  that  necessitates  the  addition  of  ball  clay,* 
but  some  manufacturers  use  only  the  ball  clay,  mixed 
with  quartz  ^nd  feldspar  for  making  porcelain.  The 
last  two  minerals  are  indispensable  ingredients  of  white- 
ware  mixture,  quartz  being  added  for  the  purpose  of  pre- 
venting excessive  shrinkage,  and  feldspar  on  account  of 
its  easy  fusibility  binding  the  mass  together. 

China  clays  should  contain  a  low  percentage  of  iron 
oxide,  in  fact  the  less  the  better,  for. in  burning  this  com- 
pound tends  to  color  the  clay  yellow  or  red.  While  the 
percentage  of  iron  oxide  should  be  under  1  per  cent., 
nevertheless  many  of  the  best  china  clays  used  contain 
1.25  to  1.35  per  cent,  of  iron  oxide.     This  production  of 

a  yellowish  tint  from  such  a  quantity  is  prevented  in  two 
ways,  first  by  adding  a  small  amount  of  cobalt  oxide  to 
the  white- ware  mixture,  or  secondly  by  taking  advantage 
of  the  fact  that  when  the  kiln,  in  which  the  ware  is 
burned,  is  heated  to  a  high  temperature  the  fire  tends  to 
act  reducing,  thereby  changing  the  iron  coloration  from 
yellow  to  bluish  or  bluish  gray,  and  making  it  less  no- 
ticeable. 
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Ball  clays  are  used  to  mix  with  kaolin  in  the  manu- 
facture of  porcelain  and  white-ware  in  order  to  give  plas- 
ticity to  the  mass.  They  should  be  as  free  from  fluxing 
impurities  and  mineral  fragments  as  possible,  and  some- 
times have  to  be  washed.  They  generally  burn  nearly  as 
white  as  kaolin.  Ball  clays  should  have  a  good  tensile 
strength,  not  less  than  60  lbs.  to  the  square  inch.  They 
are  often  dark  brown  or  even  black  from  the  presence  of 
abundant  organic  matter,  but  this  color  disappears  on 
heating.  This  organic  matter  exerts  no  other  effect  on 
the  clay  than  to  increase  the  plasticity  and  air-shrinkage. 

The  Alabama  clays  included  under  this  heading  are 
those  which  burn  white  or  very  nearly  so  at  a  moderate- 
ly high  temperature.  Many  of  the  specimens  examined 
are  quite  siliceous,  and  consequently  exhibit*  a  low 
shrinkage  in  burning,  while  nearly  all  of  them  are  of 
sedimentary  origin,  a  few,  such  as  those  associated  with 
the  bauxite  deposits,  having  an  origin  in 'common  with 
them. 

In  respect  to  their  geological  relations  the  china  clays 
here  reported  on  come  from  three  horizons,  (1)  the  Cam- 
brian and  Silurian  limestone,  e.  g.  No.  A.  S.  from  Rock 
Bun;  No.  190  from  near  Gadsden;  and  No.  205  from 
near  Kymulga,  in  Talladega  Co.  (2)  the  lower  Sub -car- 
boniferous cherty  limestone;  e.  g.  Nos.  B.  S;  128,  and  214, 
from  Willis*  Valley,  between  Fort  Payne  and  the  Georgia 
state  line.  (3)  the  lower  Cretaceous  or  Tuscaloosa  forma- 
tion, e.  g.  No.  38.  S;  No.  85;  No.  37.  S  from  Chalk  Bluff 
and  vicinity,  Marion  county:  No.  37.  S  from  Pearce's 
Mill,  Marion  county,  and  No.  56.  S  from  Pegram  in  Col- 
bert county. 

Of  the  above,  only  the  clays  from  Will's  Valley  have 
been  regularly  mined. 
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CHINA  CLAY. 

FROM  DYKB'S  QBE  BANE,  BOOK  RUN,  CHEROKEE  00. 

(NO.  A.  S.) 

A  white,  soft,  gritty  clay,  which  slakes  easily  in  water. 

The  clay  requires  the  addition  of  30  per  cent,  of  water 
to  make  a  workable  mass,  which  is  quite  lean.  Brick- 
lets  made  from  this  shrunk  4  per  cent,  in  drying  and  an 
additional  12  per  cent,  in  burning,  making  a  total 
shrinkage  of  16  per  cent. 

The  tensile  strength  of  the  air  dried  briquettes  is  low, 
being  only  9  lbs.  per  square  inch  on  the  average,  with  a 
maximum  of  12  lbs.  per  square  inch. 

Incipient  fusion  occurs  at  2000  degrees,  F.  The  clay 
burns  to  a  hard,  marble  like,  dense  body  with  a  very 
faint  bluish  tinge  at  2100  degrees  F. 

The  analysis  of  the  clay  is  as  given  below. 

Analysis  of  China  Clay,  Rook  Bun,  Cherokee  Co.  (No.  A.  8.) 

Silica 60.50 

Alumina 2f  .55 

Water 7.20 

Ferric  oxide 80 

Lime .90 

Magnesia .65 

Alkalies 2.70 

Moisture 70 

99.50 

Total  fluxes 4.55 

Specific  gravity 2.52 

The  rational  composition  is 

Clay  substance 70.80 

Quartz 18.00 

Feldspar .*T 22.20 

100.50 
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This  clay  possesses  an  advantage  in  the  density  pro- 
duced by  moderate  burning  but  its  high  shrinkage  would 
have  to  be  counteracted  by  the  addition  of  more  quartz. 

CHINA  CLAY. 

FROM  J.  R.  HUGHES,  GADSDEN,  ALA.,  (NO.  190.) 

In  the  lump  specimens  this  clay  shows  little  evidence 
of  stratification.  It  is  mostly  white  in  color,  and  on  the 
average  very  fine  grained  95  per  cent  of  a  lot  of  the  sam- 
ple sent  passing  through  a  150  mesh  sieve.  There  are 
scattered  through  it  occasional  lumps  of  the  halloysite,  so 
that  the  material  would  either  have  to  be  ground  or 
washed  before  shipping  it  to  market.  The  latter  course 
would  be  more  advisable  as  it  at  times  shows  yellow 
patches  of  color.  When  thrown  into  water  the  clay 
slakes  moderately  fast  to  flocculent  particles.  In  wash- 
ing it  tends  to  stick  on  the  sieve  somewhat,  and  this 
might  cause  trouble  in  pottery  manufacture  unless  ground 
quartz  and  feldspar  were  mixed  with  it  in  the  proper  pro- 
portions. 

In  working  it  up  with  water  37.50  per  cent  of  water 
were  required,  and  gave  a  mass  of  high  plasticity. 

The  bricklets  made  from  this  had  an  air  shrinking  of 
8  per  cent. 

In  burning  a  noticeable  property  is  the  great  density  at- 
tained at  a  comparatively  low  temperature,  but  this  is  al- 
so accompanied  by  an  additional  though  not  great  shrink- 
age. Thus,  at  about  2130  F.  the  total  shrinkage  was 
about  14  per  cent,  and  the  bricklet  very  dense;  The  color 
was  white.  At  2250  F.  the  shrinkage  was  15  per  cent, 
and  the  color  white  with  a  faint  tinge  of  gray.  At  2350 
F.  the  shrinkage  remained  the  same,  and  the  color  white 
with  a  faint  cream  tinge.  Incipient  fusion  began  at 
2260  F. 


• 
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The  clay  fused  at  cone  27  in  the  Deville  furnace. 
The  clay  has  to  be  heated  very  slowly  in  burning  in 
order  to  prevent  cracking. 

The  tensile  strength  of  the  briquettes  was  tried  in  sev- 
eral different  ways. 

One  lot  was  made  from  clay  ground  to  pass  through 
a  20  mesh  sieve,  and  these  showed  a  tensile  strength  of 
137  lbs.  per  square  inch,  the  maximum  being  154  lbs, 
the  variation  in  the  different  briquettes  being  20  per 
cent.  A  second  lot  was  ground  to  pass  through  a  60 
mesh  sieve,  and  here  the  average  strength  was  138  lbs. 
per  square  inch,  the  maximum  being  143  lbs.  and  the 
variation  12  per  cent. 

A  third  lot  was  ground  to  pass  through  a  1 00  mesh 
sieve  and  here  the  average  tensile  strength  was  132  lbs. 
per  square  inch  with  a  maximum  of  150  lbs.  and  a  vari- 
ation of  15  per  cent. 

The  chemical  analysis  of  this  cl$y  yielded: 

Analyaie  of  China  Clay,  J.  R.  Hughe*.  Gadsden.  (No.  100.) 

Silica 67.95* 

Alumina 20.15 

Ferric  oxide 1.00 

Lime 1.00 

Magnesia tr. 

Alkalies 1.87 

Ignition 8.00 

©9.07 
Total  fluxes 2.00 

There  are  many  points  of  a  desireable  nature  to  be 
found  in  this  material,  viz.,  its  high  plasticity,  its  great 
density  on  burning,  and  its  good  tensile  strength,  all  of 
which  would  combine  to  make  it  a  ball  clay  of  good  qual- 
ity. The  color  on  burning  is  not  quite  as  white  as  could 
be  desired  but  no  doubt  washing  would  improve  this. 
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CHINA  CLAY. 

TWO  MILES  N.  OF  KYMULGA,  TALLADEGA  CO.  (NO.  206. ) 

A  hard  white  clay,  plainly  stratified,  due  to  the  abun- 
dance of  many  white  mica  scales  arranged  parallel  with 
the  bedding.  It  is  fine  grained  with  a  small  amount  of 
fine  grit  It  slakes  very  slowly  breaking  into  scaly  frag- 
ments. 

When  ground  to  pass  through  a  100  mesh  sieve  it  re- 
quired *18  per  cent,  of  water  to  mix  it  up,  and  give  it  a 
mass  which  was  only  moderately  plastic,  owing  to  the 
high  amount  of  mica  which  it  contains. 

The  air  shrinkage  of  the  clay  when  thus  mixed  is 
5  per  cent. 

When  burned  to  about  2200°  F,  the  color  was  pure 
white,  and  the  total  shrinkage  8£  per  cent.,  but  incipi- 
ent fusion  had  not  been  reached. 

At  2350°  F,  the  color  was  white,  and  the  total 
shrinkage  11  per  cent. 

In  both  cases  the  bricklets  showed  a  tendency  to 
crack  in  burning. 

Incipient  fusion  occurred  at  cone  27  in  the  Deville 
furnace,  but  at  cone  30   vitrification  was  not  complete. 

If  used  by  itself  it  would  probably  not  be  safe  to  use 
the  clay  in  its  raw  condition  above  2250°  without  devel- 
oping a  yellowish  tinge,  although  this  migh  not  be  no- 
ticeable when  ball  clay  and  quartz  and  feldspar  were 
mixed. 

The  mica  interfere  with  the  tensile  strength  just  as 
it  did  with  the  plasticity,  so  that  the  former  did  not  ex- 
ceed 15  lbs.  to  the  square  inch  and  varied  between  that 
and  12  lbs.  per  square  inch. 


« 
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The  chemical  analysis  of  the  material  is  as  follows: 

Analyeie   of    China   Qlay    near   Kymulga,    Talladega    Co.    (No.    205.) 

Silica     50.45 

Alumina •_♦   • » 35.20. 

Ferric  oxide SO 

Lime «0 

Magnesia 62 

Alkalies 

Ignition 12.40 

100.0T 
Total  fluxes 2.02 

The  clay  would  no  doubt  work  for  the  manufacture 
of  white  tile;  or  white  earthenware,  but'  could  not  be 
used  for  porcelain  without  being  washed. 


(No.   B.  8.) 
CHINA  CLAY, 

EUREKA   MINE,   DEKALB   CO. 

It  is  whitish  clay,  with  little  or  no  grit,  and  of  re- 
markable purity.  In  water  it  breaks  up  slowly  to 
small  grains. 

It  took  33  per  cent,  of  water  to  temper  it,  and  gave 
a  lean  mass,  which  shrunk  2  per  cent,  in  drying,  and 
an  additional  6  per  cent,  in  burning,  giving  a  total 
shrinkage  of  8  per  cent.  Air  dried  briquettes  of  the 
clay  had  an  average  tensile  strength  of  25  pounds  per 
square  inch,  with  a  maximum  of  27  pounds. 

Incipient  fusion  occurs  at  2300°  F.  vitrification  at 
2500°  F.,  and  viscosity  above  2700°  F. 

The  clay  burns  to  a  very  white,  smooth  body. 

An  analysis  of  the  clay  gave  the  following  results : 
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Analysis  of  China  Clay,  Eureka  Mines,  DeKatb  Co.  (No.B  a.) 

Silica 47.00 

Alumina   ."   88.75 

Water 12.94 

Clay  base 98.00 

Ferric  oxide .99 

Lime 70 

Magnesia '..' tr 

Alkalies tr 

100.88 

Total  fluxes 1.05 

Specific  gravity 2.84 


This  clay  approaches  closely  to  kaolinite  in  its 
composition. 

(No.  128.) 
CHINA  CLAY, 

H.    H.   GRIFFIN,   EUREKA   MINE. 

This  is  a  white  clay,  which  represents  the  best  qual- 
ity obtained  in  the  mines  of  H.  H.  Griffin,  four  miles 
northeast  of  Valley  Head. 

It  is  a  very  gritty,  lean  clay,  which  took  38.50  per 
cent,  of  water  to  work  it  up. 

The  air  shrinkage  was  3£  per  cent.,  and  at  2250°  P. 
it  had  only  shrunk  6  per  cent,  and  barely  showed 
signs  of  incipient  fusion.  Vitrification  takes  place 
at  2800°  F.  The  analysis  of  a  clay  from  this  locality, 
from  what  is  known  as  the  Eureka  Mine,  and  made  by 
A.  T.  Brainard,  was  kindly  furnished  to  the  writer  by- 
Mr.  Griffin.    It  is  as  follows : 


t 
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Analyeie  of  China  Clay,  Eureka  Mine*,  DeKatb  Co, 

Silica 5 58.7300 

Alumina .' 84.6890 

Ferrous  oxide 8580 

Lime 4144 

Magnesia 8420 

Alkalies tr 

Sulphuric  add 201$ 

Phosphoric  acid 0522 

Ignition .    '. 12.28 

102.4124 
Total  flaxes •     1.609 

The  following  analysis  of  sample  collected  by  writ- 
er from  the  mines  in  1897,  gave  the  following : 

Analyeie  of  China  Clay,  Eureka  Mine*,  DeKatb  Co.  (No.  128.) 

Silica 82.11 

Alumina 11.41 

Ferric  oxide 1.40 

Lime tr 

Magnesia .961 

Alkalies '. 1.80 

Ignition 4.001 

~~  4.001 

101.882 
Total  flaxes 8.80 

The  rational  analysis  gave. 

Clay  substance 20.20 

Quarts 09.20 

Feldspar 10.40 

99.80 

The  feldspar  percentage  influences  the  fusibility  of 
this  clay,  and  the  difference  in  the  two  quantitative 
analyses  is  due  to  the  latter  having  been  made  on  an 
unwashed  sample. 
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(NO.  214.) 

CHINA  CLAY, 

FROM  F.  T.  ANDERSON,  NBAB  FOBT  PAYNE,  DEKALB  CO. 

This  clay  is  rather  sandy  in  its  nature,  unless 
ground  extremely  fine,  the  granular  character  being 
due  partly  to  the  halloysite  which  it  contains. 

It  slakes  very  slowly  and  incompletely,  and  took  in 
its  air  dried  condition  30  per  cent  of  water  to  work 
it  up. 

The  air  shrinkage  of  the  bricklets  was  7  per  cent  At 
cone  27  in  the  Deville  f urance,  it  was  white  and  show- 
ed traces  of  incipient  fusion.  *At  about  2350°  F.,  it 
burned  white  without  a  trace  of  yellowish  color,  and 
wHh  a  total  shrinkage  of  11  per  cent. 

It  is  evident  that  this  material  could  be  used  in  the 
manufacture  of  white  ware.  It  would,  however,  take 
much  grinding  to  develop  its  plasticity  fully. 

The  tensile  strength  was  from  60  to  65  pounds  per 
square  inch  when  the  material  was  ground  to  60  mesh, 
and  the  briquettes  are  very  constant  in  strength. 
With  finer  grinding  the  tensile  strength  would  very 
probably  increase. 

The  chemical  analysis  yielded : 

AnotyiU  of  China  Clay,  F.  Y.  Anderson,  DeKalb  Oo.  (No.  214.) 

Silica 68.50 

Alumina 84.45 

Ferric  oxide 21 

Lime 80 

Magnesia    trace 

Alkalies 21 

Ignition 18.20 

101.87 
Total  fluxes 72 


OBIUA.  0LJ.Y8.  127 

(No.  38  S.) 
CHINA  CLAY. 

J.  J.  MITCHELLS,  CHALK  BLUFF,  MARION  GO. 

Pure  white,  fine  grained  clay,  brittle  when  dry, 
and  with  conchoidal  fracture.  It  slakes  easily  in 
water,  all  of  it  passing  through  a  60  mesh  sieve  and 
most  of  it  through  a  100  mesh  one. 

The  clay  ground  to  pass  through  a  30  mesh  sieve, 
and  mixed  with  24  per  cent,  of  water,  gave  a  lean 
mass  whose  air  shrinkage  was  4  per  cent,  and  an  addi- 
tional shrinkage  of  3  per  cent,  took  place  in  burning, 
giving  a  total  of  7  per  cent. 

Air  dried  briquettes  of  the  clay  gave  the  usual  low 
tensile  strength  of  kaolin,  the  average  being  15  pounds 
per  square  inch,  with  a  maximum  of  17  pounds  per 
square  inch. 

Incipient  fusion  occurs  at  2300°  P.,  vitrification 
at  2600°  F.,  annd  viscosity  at  2700°  F. 

The  clay  burns  to  a  clear  white  body.  Its  composi- 
tion is  as  follows :  ( No.  1  being  by  H.  Ries  and  No.  2 
by  W.  B.  Phillips.  No.  3  is  the  composition  of  pure 
kaolin  given  for  comparison.) 

Analyses  of  China  Clay,  Chalk  Bluff,  Marion  Co.  ' 

12  8 

Silica 47.25  47.20  46.30 

Alumina ." . .     30.50  37.76  80.80 

Water 13.85  14.24  18.90 

Ferric  oxide 2.56  tr 

Lime tr  tr 

Magnesia    tr  tr 

Moisture 50  tr 

100.16  09.20  100.00 

Total  fluxes  (!) 2.56 

Specific  gravity   2,44 
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(No.  85.) 
CHINA  OLAY. 

CHALK  BLUFF;    MARION  CO. 

This  clay  which  occurs  on  the  property  of  Mrs. 
Nelson  is  a  smooth,  white,  fine  grained  clay  with  a 
conchoidal  fracture.  It  slakes  easily  into  angular 
grains.  It  is  very  lean,  and  requires  33  per  cent,  of 
water  to  mix  it  up.  The  tensile  strength  is  also  very 
low,  being  only  15  pounds  per  square  inch.  The  air 
shrinkage  is  4    er  cent. 

At  2200°  Fahr.  the  total  shrinkage  was  10  per  cent 
At.  2350°,  it  was  15  per  cent.,  and  the  bricklet  incipi- 
ently  fused,  with  a  yellowish  white  color. 

At  2500°,  the  total  shrinkage  was  18  per  cent    The 
color  was  yellow.      Vitrificaton  occurred  at  2700°  P. 

In  the  Deville  furnace,  at  cone  27,  the  clay  was 
nearly  viscous. 

No  analysis  was  made  of  this  clay. 

(No.  37  S.) 
CHINA  CLAY. 

BBI6GS  FREDERICK,  NEAR  CHALK  BLUFF,  MARION  GO. 

This  was  a  fine  grained  clay,  90  per  cent,  of  it  pas- 
sing through  a  60  mesh  sieve.  •  The  clay  took  25  pei 
cent,  of  water  to  be  worked  up,  and  even  then  was 
lean  and  granular,  fine  grinding  being  necessary  to 
develop  proper  plasticity. 

The  air  shrinkage  was  2£  per  cent,  and  the  fire 
shrinkage  was  the  same^  giving  a  total  shrinkage  of 
5  per  cent,  in  the  case  of  a  sample  ground  to  pass 
through  a  30  mesh  sieve. 


CHINA  CLAYS.  129 

The  air  dried  briquettes  showed  an  average  tensile 
strength  of  14  pounds  per  square  inch,  and  a  maxi- 
mum of  16  pounds. 

Incipient  fusion  occurs  at  2300°  P.,  vitrification  at 
2500°  F.,  and  viscosity  above  2700°  F.  The  clay 
burns  to  a  white  but  somewhat  porous  body. 

Its  composition  is  as  follows : 

Analysis  of  China  Clay,  Briggs  Frederick,  Marion  Co.  (No.  87,  8.) 

Silica 65.49 

Alumina 24.84 

Water 7.50 

Ferric  oxide tr. 

Lime 1.26 

Magnesia tr. 

Alkalies tr. 

t         Moisture 80 

90.87 

Total  fluxes 1.26 

Specific  gravity 1.76 

This  clay  is  very  low  in  iron,  and  the  small  per- 
centage of  lime  is  no  detriment. 

(No.  36  S.) 
CHINA  CLAY. 

PEARCE'S  MILL,  MARION  CO. 

A  hard,  porous,  coarse  grained,  gritty  clay,  which 
in  water  breaks  up  slowly  into  angular  fragments, 
each  of  which  in  turn  keeps  splitting. 

Twenty-five  per  cent,  of  water  was  required  to  work 
it  up,  but  it  is  very  lean.  The  air  shrinkage  was  3 
per  cent,  and  an  additional  12  per  cent,  in  burning, 
making  a  total  of  15  per  cent 

The  tensile  strength  of  air  dried  briquettes  varied 
on  the  average  12-14  pounds  per  square  inch  with  a 
maximuifi  of  20  pounds  per  square  inch. 
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Incipient  fusion  occurred  at  2300°  F.,  vitrification 
at  2500°  F.,  and  viscosity  at  over  2700°  F. 

The  clay  burns  at  2300°  F.  to  a  very  white  body. 
The  analysis  of  it  yielded. 

Analysis  of  China  Clay,  Pearoe's  Mill,  Marion  Co.  (No.  86,  S.) 

Silica    (combined) 36.60 

Alumina 82.60 

Water 1105 

Clay  base     *  82.15 

Silica  (free) 17.68 

Ferric  oxide -20 

Lime tr. 

Magnesia tr. 

Alkalies tr- 

Moisture 20 

100.08  • 

Total  fluxes 20 

Specific   gravity 2.33 

With  washing,  this  clay  would  probably  be  well 
adapted  to  the  manufacture  of  the  highest  grades  of 
pottery.  It  contains  less  fusible  impurities  than  most 
of  the  kaolins  used'  in  this  country,  and  the  probabili- 
ties are  that  if  the  deposit  were  constant  in  its  char- 
acter it  might  not  require  washing. 


(No.  56  S.) 
CHINA  CLAY. 

PEGRAM,  COLBBET  CO. 

A  fine  grained,  whitish,  homogeneous  but  not  very 
dense  clay  with  a  smooth  fracture. 

In  water  it  slakes  slowly  to  grains  under  a  sixtieth, 
of  an  inch  ( 1-60  in. ) 

Thirty  per  cent,  of  water  was  required  to  make  a 
workable  mass,  which  to  the  feel  was  qijite  lean. 
The  air  shrinkage  of  bricklets  made  from  it  was  7  per 


•* 
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cent,  and  .4  per  cent,  in  burning,  making  a  total  of 
11  per  cent. 

The  tensile  serength  of  the  air  dried  briquette  was 
quite  low,  being  40  pounds  per  square  inch  on  the 
average,  with  a  maximum  of  53  pounds  per  square 
inch. 

Incipient  fusion  occurs  at  2200°  F.,  vitrification  at 
2400°  F.,  and  viscosity  at  2600°  F. 

The  clay  burns  to  a  white  body  which  is  hard  and 
dense,  the  following  is  the  analysis  of  the  clay. 

Analysis  of  China  Clay,  Pegram,  Colbert  Co.  (No.  56,  S.) 

Total  Silica 64.90 

>       Alumina 25.25 

Water 8.00 

Moisture .' 90 

Ferric  oxide. trace 

Lime trace 

Magnesia trace 

99.05 

F  ee  8l"    a 84.40 

Specific  gravity 2.35 

The  material  is  to  be  looked  upon  as  a  white-ware 
clay  ,of  good  grade,  from  which  the  sand  could  be  re- 
moved by  washing  if  necessary.  There  are  practical- 
ly no  published  analysis  with  which  this  agrees  very* 
closely,  but  a  comparion  is  not  necessary  as  the  purity 
of  the  material  is  self  evident. 

FIEE  CLAYS 

The  term  fire-clay  is  applied  to  those  clays  which 
will  resist  a  high  temperature  without  fusing. 

Fire  clays  ste  of  two  kinds,  flint  clays  and  plastic 
clays. 

The  flint  clays  generally  approach  kaolinite  in  com- 
position, but  have  no  plasticity,  or  at  the  most  a  very 


132  DETAILED  REPORT  ON  ALABAMA  CLAYS. 

flight  degree  of  it.  They  are  generally  t)f  a  highly 
refractory  nature,  their  fusing  point  being  commonly 
above  2700°  F.  and  their  shrinkage  in  drying  and 
burning  is  extremely  low.  They  therefore  make  an 
excellent  grog  to  add  to  the  more  plastic  clays  for  the 
purpose  of  reducing  their  shrinkage.  Flint  clays 
have  thus  far  not  been  found  in  Alabama,  except 
in  Conecuh,  Choctaw,  Washington,  Clarke  and 
Monroe  counties. 

Plastic  fire  clays  are  widely  distributed  and  are 
especially  abundant  in  the  Coal  Measures  of  many 
states,  but  they  may  also  ocsur  in  the  Cretaceous 
and  Tertiary  formations.  Those  of  the  Carbonifer- 
ous are  often  of  a  shaly  nature  and  to  be  ground  be- 
fore their  plasticity  can  be  brought  forth. 

The  requisite  qualities  of  a  fire  clay  vary  some- 
what according  to  the  use  to  which  it  is  to  be  put,  and 
it  is  still  a  disputed  point,  just  what  temperature  the 
fusion  point  of  a  clay  should  exceed  in  order  to  be 
classed  as  a  refractory  one.  As  it  now  stands,  many 
American  clays  are  unfortunately  and  erroneously 
classed1  as  fire  clays  which  can  not  withstand  a  tem- 
erature  of  more  than  2300°  or  2400°  F.  Many  of  the 
New  Jersey  fire  clays  require  a  temperature  of  from 
2500°  to  2600°  F.  to  burn  them.#  The  fire  clays  of 
Missouri  fuse  at  from  2400°  to  above  2700°. 

No  arbitrary  line  can  be  drawn  between  refractory 
and  semi-refractory  clays,  but  if  such  a  division  were 
made  it  would  seem  advisable  not  to  call  any  clay  re- 
fractory which  is  affected  by  a  temperature  of  less 
than  2700°  F.  Many  of  the  Alabama  fire  clays  con- 
form to  this  definition. 

While  it  is  desirable  that  fire  clays  should  posses 
good  plasticity  and  low  shrinkage,  the  main  point  is 
their  refractoriness.     It  may  be  said  in  general  that 
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the  fusible  impurities  of  a  fire  clay  should  not  exceed 
3£  or  4  per  cent,  but  these  limits  may  be  extended 
somewhat  in  either  direction  depending  upon  the 
nature  of  the  flux  and  whether  the  clay  is  fine  or 
coarse  grained. 

The  shrinkage  of  a  fire  clay  in  burning  may  often  be 
counteracted  by  the  addition  of  grog,  i.  e.  sandy 
ground  fire  brick,  or  similar  substances.  Fire  clays 
which  are  too  fat  and  plastic  are  likely  to  crack  in 
burning,  but  at  the  same  time  they  give  a  dense  body. 
It  is  desirable  that  any  burned  clay  or  grog  which  is 
m*xed  with  the  raw  material  should  have  previously 
been  burned  as  dense  as  possible.  Fine  grains  of  pow- 
dered grog  permits  the  brick  to  shrink  more  in  burning 
than  the  course  and  bricks  with  the  latter  generally 
stand  changes  of  temperature  better.  Next  to  burn- 
ed clay,  quartz  is  perhaps  the  most  important  grog, 
and  flint  clay  serves  a  simila~  purpose. 

If  a  fire  brick  made  only  of  clay  and  clay  grogs 
still  shrinks  when  placed  in  the  furnace,  sharp  quarts 
grains  should  be  added,  as  they  have  a  tendency  to 
expand  on  repeated  heating.  Fine  grained  quartz 
sand  should  in  no  case  be  added  if  the  brick  is  to  be 
exposed  to  high  temperatures,  for  in  such  cases  it 
tends  to  flux  the  clay  in  burning,  furthermore  the 
addition  of  coarse  quartz  must  also  be  within  limits 
for  if  in  too  large  quantity  the  quartz  grainsJoosen  the 
brick  by  their  expansion.  A  good  fire  brick  is  some- 
times made  by  mixing  a  non-plastic  refractory  day 
with  a  very  plastic  dense  burning,  semi-refractory 
one. 

No  fixed  rules  can  be  laid  down  to  govern  the 
selection  and  valuation  of  a  fire  clay  for  the  reason 
that  the  use  to  which  it  is  to  be  put  determines  its 
qualities  to  a  large  extent.    All  fire  clays  should 
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resist  a  high  temperature.  Some  are  used  in  situa- 
tions requiring  resistance  to  heat  and  these  must  be 
♦coarse  grained.  Others  when  burned  into  bricks 
must  resist  corrosion  and  consequently  should  burn 
to  a  dense  product,  as  in  the  case  of  glass  pot  clays. 

Fire  bricks. — These  should  show  a  resistance  to 
high  temperatures,  and  also  the  fluxing  action  of 
ashes  from  the  fuel,  which  contain  carbonates,  sul- 
phates, and  phosphates  of  the  alkalies  and  alkaline 
earths.  In  addition  they  should  withstand  the  cor- 
rosive action  of  fused  metallic  slags,  alkalies,  and 
glasses. 

The  density  of  the  fire  brick  is  often  of  great  im- 
poitance  especially  where  it  is  to  resist  the  corrosive 
action  of  molten  material.  The  fat  plastic  clays  are 
those  which  usually  burn  to  the  most  dense  body,  but 
in  doing  so  they  frequently  crack  to  such  an  extent 
that  grog  has  to  be  added  to  them. 

Porous,  coarse  grained  bricks  on  the  other  hand 
stand  heat  better. 

The  fire-clays  below  reported  on  come  from  four 
geological  horizons,  viz.,  (1)  The  Cambrian  and  Sil- 
urian limestone  formations  of  the  Coosa  Valley  regi- 
on ;  No.  191  from  Peaceburg,  Calhoun  county ;  No.  127 
Stevens,  from  Oxanna,  Calhoun  Co.;  the  refractory 
clays  of  Rock  Run,  Cherokee  Co.;  and  the  bauxites 
from  the  same  locality.  (2)  The  cherty  limestones 
of  the  lower  Subcarboniferous  formation  of  Wills' 
Valley;  No.  117  and  116  from  the  Montague  mines^ 
and  No.  119  from  near  Valley  Head  in  DeKalb 
county.  (3)  The  Tuscaloosa  formation  of  the  lower 
Cretaceous,  No.  112  from  Bibbville,  and  No.  Ill 
from  Woodstock  in  Bibb  county;  No.  B  from  near 
Hull's  Station,  and  No.  118  from  near  Tuscaloosa  in 
Tuscaloosa  county;  Nos,  1  and  2  from  Pearce's  Mills 
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in  Marion  county  and  No.  57  8.  from  Pegram  in  Col- 
bert county.  (4)  The  lower  Tertiary  formation,  No. 
C  S  from  Choctaw  county.  Of  these  only  the  clays 
from  Bibbville  and  Woodstock  have  been  regularly 
mined. 

(No.  191.)  \ 

i 

FIRE  CLAY. 

FEOM  PBACEBURG,  NEAR  ANNISTON. 

A  grayish  white  clay  of  very  fine  grain,  and  contain- 
ing a  noticeable  amount  of  very  fine  mica  scales.  In 
water  it  slakes  moderately  fast. 

Twenty-five  per  cent,  of  water  was  required  to 
work  it  up,  and  the  resulting  mass  was  rather  lean, 
and  had  a  somewhat  flaky  structure,  which  interfer- 
red  with  the  development  of  the  plasticity. 

Bricklets  made  from  the  mixture  had  air  shrinkage 
of  5  per  cent. 

When  burned  to  about  2100°  F.  the  total  shrinkage 
amounted  to  10  per  cent,  the  clay  was  white  with  a 
faint  tinge  of  yellow  and  the  brick  was  still  very  por- 
ous. At  about  2250°  P.  incipient  fusion  has  barely 
been  reached,  w'th  a  total  shrinkage  of  13  per  cent, 
the  ^olor  being  white  tinged  to  a  noticeable  extent 
witf  yellow.  At  about  2300°  F.  the  bricklet  burned 
cream  color,  was  incipiently  fusod,  and  the'  total 
shrinkage  amounted  to  15  per  cent. 

In  the  Deville  furnace  the  clay  vitrified  at  cone  30, 
but  did  not  lose  its  shape. 

Owing  to  the  leanness  the  tensile  strength  was  very 

low,  and  ranged  from  20  to  25  pounds  per  square  inch. 

The  chemical  analysis  of  the  clay  gave : 
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Analyrt*  of  fire  olay,  Peaoeburg.  Calhoun  Co.  (No.  m.) 

""**, • 51.90 

Alumina taoo 

Ferric  oxide v"    : ,2! 

Lime .WW!!."."!!!!!!!."""  28 

Magnesia 1n 

Alkalies ™ 

««« •••-■.'. !ww.:  www::  i£ 

'  99.87 

Total  flaxes -  Q. 

••     •••     ...     .......         i.o  I 

The  low  plasticity  of  this  clay  would  probably  inter- 
fere  with  its  being  used  alone,  but  owing  to  ite  re- 
fractory nature  and  the  light  color  developed  in  burn- 
ing  it  could  no  doubt  find  use  as  an  ingredient  of 
other  clay  mixtures. 

.    (No.  127  of  Mr.  Stevens.) 
FIEE  CLAY. 

FROM  0XANNA,  OALHOUN  COUNTY. 

This  is  a  coarse  and  sandy  clay>  which  mixes  up  tQ 
a  lean  mass  with  only  16  per  cent,  of  water.  The 
tensile  strength  is  very  low,  being  on  the  average  of 
9  to  10  pounds  per  square  inch,  and  the  air  shrinkage 
is  2  per  cent 

The  following  is  the  behavior  of  the  clay  at  suc- 
cessively higher  temperatures.  * 

At  2200°  P.  the  color  was  grey  white. 

At  2250°  P.  shrinkage  3  per  cent,  color  buff. 

At  230(T  F.  shrinkage  and  color  same.    . 

At  2400°  P.  shrinkage  3  per  cent.,'  color  buff,  show- 
ing specks  of  ferric  oxide. 

At  2500°  P.  the  shrinkage  was  only  2  per  cent,  hav- 
ing undergone  a  slight  swelling  owing  to  the  very 
high  quartz  percentage.  Incipient  fusion  had  not 
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occurred  up  to   this  point     The  following  is  the 
analysis  of  this  clay. 

AnalyiU  of  Fire  Clay,  Oxanna,  Calhoun  Co.  (No.  127,  Steven*). 

Silica 84,21 

Alumina 975 

Ferric  oxide G9 

Lime 70 

Magnesia 14 

Ignition 4.10 

99.59 
Total  fluxes 1.53 


REFRACTORY  CLAYB 

OP  ROCK  BUN,  CHEROKEE  COUNTY. 

Associated  with  the  bauxites  at  Rock  Run  are  a 
number  of  clays,  most  of  them  of  fine  grained  texture, 
but  some  showing  small  quantities  of  grit,  and  which 
vary  in  color  from  pure  white  to  mottled  ones,  which 
at  times  contain  an  appreciable  percentage  of  sand. 
Samples  of  these  clays  from  six  different  locations 
have  been  tested,  they  come  from  what  are  known  as 
the  Dykes  old  Iron  Ore  Mine  and  the  Dykes  Bauxite 
Mine,  on  the  property  of  the  Rock  Run  Iron  Mining 
Co.  in  Cherokee  county. 

No.  1.  is  on  the  north  side  of  the  iron  mine  reserva- 
tion at  the  extreme  western  end ;  No.  2  and  3  are  from 
the  same  side  of  the  pit,  but  at  points  125  and  200 
feet  farther  east  respectively ;  No.  4  is  from  the  west- 
ern end  of  the  Bauxite  pit  and  on  the  north  side  of 
the  entrance  to  it;  No.  5  is  on  the  north  side  of 
the  same  pit  and  No.  6  at  the  eastern  end  of  it. 

Nos.  1, 2, 3,  each  shew  a  face  15  to  20  feet  in  height, 
and  are  of  probably  greater  thickness.  No.  4  is  look- 
ed upon  as  a  very  low  grade  of  bauxite. 
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The  following  tests  mere  made  upon  these  samples : 
No.  1.  This  is  a  fine  grained  white  clay,  with  a 
splintery  fracture,  showing  iron  stains  along  the  joint 
cracks  and  other  planes  or  fracture,  but  none  in  the 
interior  of  the  mass.  It  slakes  quickly  but  not  com- 
pletely into  angular  fragments.  In  mixing  it  up,  32 
per  cent,  of  water  was  required  and  the  resulting 
mass  was  lean  and  granular.  It  had  been  previously 
passed  through  a  30  mesh  sieve,  and  it  ground  to  a 
finer  mesh  would,  no  doubt,  be  more  plastic.  The 
lean  granular  character  gives  it  a  very  low  tensile 
strength  amounting  to  not  over  6  pounds. 

The  air  shrinkage  of  the  clay  was  4  per  cent,  at 
about  2200£  F.,  the  total  shrinkage  was  9  per  cent; 
and  at  about  2300°,  18  pr  cent,  at  about  2500°,  the 
total  shrinkage  was  21.50  per  cent,  and  the  color  of 
the  burned  bricklet  was  still  white. 

When  tested  in  the  Deville  furnace  at  cone  30  the 
form  of  the  clay  still  remained  sharp,  and  it  was 
white  in  color,  but  showed  signs  of  incipient  fusion. 

The  composition  of  the  clay  is  as  follows: 

Analysis  of  Fire  Clay,  Rock  Run,  Cherokee  Co.  (No.  1.) 

Silica ? 47.60 

Alumina 86.70 

Ferric  oxide 1.10 

Lime 1.30 

Magnesia trace 

Alkalies trace 

Ignition .• 14.20 

100.90 
TotaT  flaxes i.4< 

These  tests  indicate  that  the  clay  is  quite  refrac- 
tory, and  its  burning  to  a  white  color  would  permit  its 
being  used  for  products  having  a  white  body.  The 
high  shrinkage  is  somewhat  against  it,  but  this  could 
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be  counteracted  to  a  large  extent  by  the  addition  of 
quartz  and  it  would  also  be  necessary  to  mix  it  with 
some  plastic  clay,  if  it  was  to  be  molded  when  wet. 
No.  2.  This  is  similar  to  No.  1  in  ite  color  and  tex- 
ture. It  is  however  much  more  plastic  than  the 
other  although  it  only  required  31.25  per  cent,  of 
water  to  mix  it,  the  tensile  strength  however  is  very 
low,  and  in  this  case  bears  no  relation  to  the  plastic- 
ity, the  air  shrinkage  of  the  clay  is  3  per  cent ;  at 
about  2260°  F.,  the  total  shrinkage  was  10  per  cent 
and  the  bricklet  was  still  absorbent  although  incipient 
fusion  had  just  begun,  while  the  color  was  yellowish 
white;  at  about  2250°  F.,  the  total  shrinkage  was  14 
per  cent,  the  brickie ts  had  an  absorption  of  about  5.7 
per  cent  and  the  Color  still  a  yellowish  white.  At 
about  2300°  F.  the  total  shrinkage  was  16  per  cent, 
the  absorption  only  2  per  cent  while  ite  color  was  a 
very  faint  yellowish  gray ;  the  total  shrinkage  was  17 
per  cent  at  2400°  F.,  and  the  bricklet  which  appeared 
nearly  vitrified,  was  gray  in  color. 

In  the  Deville  furnace  at  cone  30,  the  form  of  the 
<!lay  was  still  perfectly  sharp,  and  while  it  was  thor- 
oughly vitrified  it  showed  no  evidence  of  becoming 
viscous. 

The  rational  composition  of  the  clay  was : 

Clay  substance 94.54 

Quarts 5.80 

Ferric  oxide 26 

No.  3.  This  is  likewise  a  white  clay  but  one  con- 
taining much  fine  grit,  not  very  porous,  and  slaking 
quickly  to  a  powder.  It  is  also  a  very  plastic  clay, 
and  took  36.50  per  cent,  of  water  to  work  up,  but  the 
tensile  strength  again  is  very  low,  being  not  over  5 
pounds.     The  air  shrinkage  was  3  per  cent ;  at  about 
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2200°  P.,  the  total  shrinkage  was  12  per  cent.,  and  the 
bricklet  white,  with  an  absorption  of  7.20  per  cent 
At  about  2250°  F.  the  total  shrinkage  was  13  per  cent, 
and  the  bricklet,  which  had  an  absorption  of  6.3  per 
cent  was  white  with  a  very  faint  tinge  of  yellow.  At 
about  2300°  F.,  the  total  shrinkage  amounts  to  15.5 
per  cent,  the  color  of  the  bricklet  white  with  a  mere 
shade  of  gray,  and  the  absorption  of  it  had  decreased 
to  1.3  per  cent.  The  total  shrinkage  at  about  2500°  F. 
was  17.5  per  cent,  and  vitrification  had1  occurred,  the 
bricklet  being  whitish  in  color. 

In  the  Deville  furnace  at  cone  30,  the  form  of  the 
clay  pyramid  was  still  erect,  and  while  the  clay  was 
thoroughly  vitrified  the  angles  were  still  sharp  and 
color  whitish.     The  composition  is : 

Analysis  of  Fire  Clay,  Book  Run,  Cherokee  Co.  (No.  3). 

Silica 72.20 

Alumina 22.04 

Ferric  oxide .16 

Lime 50 

Magnesia 40 

Alkalies V 60 

Ignition 6.80 

101.70 

Sand 84.62 

Total  fluxes     1.66 

No.  4.  This  clay  as  has  already  been  stated  is  a 
low  grade  bauxite,  it  is  white  in  color  with  a  slight 
yellowish  tinge  and  portions  of  it  show  a  pisolitic 
structure.  It  slakes  quickly.  31.35  per  cent,  of  wat- 
er were  required  to  work  it  up  and  even  then  the  mud 
was  extremely  granular  and  very  lean,  and  the  air 
dried  briquetts  had  a  tensile  strength  of  only  5 
pounds.  The  air  shrinkage  was  5  per  cent  At  2250° 
F.  the  total  shrinkage  was  14  per  cent,  the  bricklets 
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very  porous,  of  a  white  color  with  a  mere  tinge  of  yel- 
low.   At  2400°  F.  the  total  shrinkage  was  15  per  cent 

In  the  Deville  furnace  at  cone  27,  the  clay  still  re- 
mained entirely  unaffected,  but  the  color  was  grayish, 
and  the  total  shrinkage  up  to  this  point  amounted  to 
26  per  cent. 

The  composition  of  the  clay  is : 

AnolytU  of  Fire  Clay,  Rook  Run,  Cherokee  Co.,  No.  4. 

Silica 17.70 

Alumina 59.46 

Ferric  oxide 86 

Ignition 22.06 

99.S8 
Total  flaxes 86 

No.  5.  This  is  a  soft  whitish,  easy  slaking  clay, 
but  a  very  porous  one  which  absorbs  40  per  cent,  of 
water  in  working  it  up,  and  even  then  gave  a  very 
lean  mass,  whose  tensile  strength;  when  made  into 
briquettes  and  air  dried,  was  only  5  pounds  per  square 
inch.  The  air  shrinkage  is  4  per  cent,  and  at  about 
2250°  F.  the  total  shrinkage  was  17  per  cent.,  but  the 
bricklets,  whose  color  was  yellow,  were  still  very 
porous  and1  could  be  scratched  by  a  knife  without 
much  difficulty ;  at  2400°  F.,  the  shrinkage  showed 
a  total  of  22  per  cent,  and  incipient  fusion  began ;  at 
2500°  F.,  the  total  shrinkage  was  23  per  cent,  the 
brick  was  still  porous  and  faintly  yellowish  white. 

In  the  Deville  furnace  at  cone  30,  the  clay  had 
burned  dense,  was  incipiently  fused,  but  otherwise 
unaffected,  its  color  was  a  grayish  white  and  the  total 
shrinkage  amounted  to  34  per  cent.,  which  is  really 
not  surprising  when  we  consider  the  high  amount  of 
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combined  water  that  the  clay  shows,  for  it  is  evident- 
ly a  low  grade  bauxite  like  the  preceding  one. 
The  composition  is : 

Analysis  of  Fire  Clay,  Rock  Run,  Cherokee  Co.,  No.  5. 

Silica 31.20 

Alumina , 44.28 

Ferric  oxide 1.45 

Lime 1.00 

Magnesia 20 

Ignition '.     22.G0 

100.73 
Total  fluxes « 2.65 

This  clay  is  evidently  a  mixture  of  clay  and  bauxite, 
as  can  be  seen  from  the  high  shrinkage  and  large  per- 
centage of  combined  water. 

No.  6.  The  color  of  this  clay  is  yellow,  and  it  is 
fine  grained  but  not  hard,  and  shows  numerous  slick- 
enside  surfaces.  In  slaking  it  breaks  up  easily  but 
slakes  completely  to  powder  only  after  long  immer- 
sion in  water.  The  clay  is  very  lean,  and  requires  as 
much  water  as  the  preceding  to  mix  it  up;  the  tensile 
strength  is  also  very  low  being  under  5  pounds.  The 
air  shrinkage  is  2  per  cent,  the  total  shrinkage  at 
2200°  F.  is  8  per  cent. ;  at  2250°  F.  it  is  12  per  cent. ; 
at  2400°  F.  it  is  13  per  cent;  at  3500°  F.  it  is  15  per 
cent. ;  at  2600°  F.  it  is  20  per  cent,  and  the  bricklet 
was  still  very  absorbent. 

In  the  Deville  furnace  at  cone  27,  the  clay  had  burn- 
ed dfense,  but  still  preserved  its  form  with  sharp  edges 
and  showed  a  total  shrinkage  up  to  this  point  of  35 
per  cent. 

The  composition  of  the  clay  is  as  follows : 

Analysis  of  Fire  Clay,  Rock  Run,  Cherokee  Co.,  No.  8. 

Silica 84.60 

Alumina 45.80 

Ferric  oxide 52 

Ignition 20.00 

100.02 
,  Total  fluxes 52 
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EEFAOTORY  BAUXITES. 

BOCK  RUN,  OHBBOKEB  COUNTY. 

In  addition  to  these  bauxitic  clays,  six  samples  of 
bauxite  were  also  tested  chiefly  to  determine  their 
refractoriness  apd  their  shrinkage  in  burning,  the 
method  adopted  with  most  of  them  being  to  grind  up 
the  specimen,  so  that  it  would  pass  through  either  a 
20  or  a  30  mesh  sieve,  the  particles  which  did  not  pass 
through  being  also  retained1.  Several  mixtures  of  the 
coarse  and  fine  material  were  made.  The  mass  pro- 
duced in  every  instance  by  mixing  it  with  water  was 
extremely  low  in  its  plasticity,  and  lacked  greatly  in 
tensile  strength,  the  latter  in  every  instance  being 
not  more  than  2  or  3  pounds  per  square  inch. 

In  many  cases,  the  bauxite  showed  so  little  tenacity 
and  was  so  little  affected  by  the  heat  that  bricks 
which  had  been  burned  at  a  temperature  of  2600°  F. 
were  easily  rubbed  apart  with  the  fingers.  Another 
point  to  be  noticed  is  the  enormous  shrinkage  which 
all  of  the  specimens  exhibited,  the  air  shrinkage,  how- 
ever, being  very  low. 

No.  1.  This  was  powdered  and  passed  through  a 
30-mesh  sieve,  and  on  working  up  gave  a  very  lean 
mass,  which  required  24  per  cent,  of  water.  The  air 
shrinkage  was  3  per  cent,  and  at  2400°  F.  the  total 
shrinkage  was  11  per  cent,  while  the  bricklet  was  very 
porous  and  white.  At  2500°  F.  the  bricklet  had  not 
shrunk  any  more  but  the  color  had  become  reddish. 

In  the  Deville  furnace  at  cone  30,  the  bauxite  was 
totally  unaffected  although  it  had  become  somewhat 
dense,  and  showed  a  shrinkage  of  23  per  cent.  The 
composition  was : 
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Analysis  bf  Bauwite,  Rook  Run,  Cherokee  Co.,  No.  1. 

Silica 8.80 

Alumina 61.64 

Ferric  oxide 1.10 

Lime '. trace 

Magnesia . . , trace 

Ignition 29.97 

100.51 

No.  2.  Two  mixtures  were  made  of  this,  viz:  a. 
which  was  50  per  cent,  of  grains  between  15  and 
20-mesh,  and  50  per  cent  smaller  than  20-mesh.  The 
bricklet  made  from  this  showed  a  total  shrinkage  of 
12  per  cent,  at  2400°  F.,  while  at  2600°  F.,  the  shrink- 
age was  14  per  cent,  and  the  bricklet  was  so  friable 
that  it  could  be  easily  rubbed  apart. 

b.  The  bauxite  was  ground  and  passed  through  a 
30-mesh  sieve.  In  this  condition  it  took  25  per  cent 
of  water  to  mix  it  up,  and  made  a  very  lean  paste. 
The  shrinkage  of  the  bricklets  made  from  this  was 
about  10  per  cent  at  2250°  F.,  they  were  very  porous, 
soft,  and  of  a  slight  yellowish  tint ;  at  about  2400*  F, 
the  total  shrinkage  was  15  per  cent  arid  at  2600°  F. 
amounted  to  17  per  cent.,  but  the  bricklet  was  still 
scratched  by  a  knife  without  much  difficulty.  In  the 
Deville  furnace  the  bauxite  was  still  uneffected  at 
cone  30,  but  showed  a  total  shrinkage  of  27  per  cent. 

Its  composition  is : 

Analysis  of  Bauaite,  Rook  Run,  Cherokee  Co.,  No.  2. 

Silica 18.80 

Alamlni 54S9 

Ferric  oxide 1.36 

Ignition 27.60 

101.65 

72.  (No.  3.)  Ground  to  pass  through  a  20-mesh 
sieve,  it  gave  a  very  lean  mass  on  the  additen  of  25 
per  cent,  of  water. 
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The  air  shrinkage  was  2  per  cent 
At  2400°  F.  the  brick  was  very  loose  and  crumbly. 
At  2500°  F.  shrinkage  11  per  cent 
At  2600°  F.  shrinkage  18  per  cent 
At  3150°  F.  shrinkage  22  per  cent     Totally  unaf- 
fected. 

Analysis  of  Bauxite,  Rock  Run,  Cherokee  Co.,  No.  3. 

Silica 3.30     " 

Alumina 69. Ot 

Ferric   oxide .20 

Lime 

Water 28.10 

100.66 

48. (No.  4.)     Three    mixtures   were   made    up   as 
follows : 

a.    33  per  cent,  smaller  than  20-mesh. 

67  per  cent.  10-20  mesh. 

6.     Under  30  mesh. 

c.     Under  20-mesh. 

All  three  gave  lean  mixtures. 

a.  Took  23  per  cent  water  to  work  it  up. 

b.  Took  20  per  cent  water  to  work  it  up. 

c.  Took  24  per  cent  water  to  work  it  up. 

The  air  shrinkage  was  6.  2  per  cent,  o.  1  per  cent 
At  2400°  F.  6  showed  10  per  cent,  shrinkage  and 
the  particles  barely  colored. 

At2500°F.  b  had  shrunk  11  per  cent,  and  held; 
c  13  per  cent  but  was  very  loose.  , 

At  2600°  F.  6.  and  c.  had  both  shrunk  13  per  cent 
but  could  still  be  scratched  by  the  knife. 

At  3000°  F.  the  bauxite  was  unaffected,  and  show-, : 
ed  a  total  shrinkage  of  17  per  cent 
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Analysis  of  Baumito,  Book  Run,  Cherokee  Co.,  No.  4. 

Silica 8.80 

Alumina 66.70 

Ferric  oxide : 10 

Water 81.80 


101.40 

49.  ( No.  5. )    Mixtures  made  were : 

a.  35  per  cent.  10-20  mesh  and  65  per  cent,  under 
20  mesh.    Required  18  per  cent  of  -^ater  to  work  up. 

6.     under  30-mesh.  Required  20  per  cent  of  water. 

c.     under  20-mesh.  Required  25  per  cent  of  water. 

The  air  shrinkage  of  all  was  1  to  2  per  cent 

At  2550°  F.  the  shrinkage  was  20  per  cent 

The  bauxite  when  heated  to  cone  30  in  the  Deville 
furnace,  preserved  its  form  and  sharp  edges,  and 
showed  the  faintest  trace  of  incipient  fusion.  It  is 
therefore  highly  refractory. 

Analysis  of  Bauwite,  Rock  Run,  Cherokee  Co.,  No.  5. 

Silica 28 

Alumina 68.14 

Ferric  oxide trace 

Water 82.60 


101.02 

73.  (No.  6.)  A  whitish,  claylike  bauxite.  This 
took  46  per  cent,  of  wrater  to  work  it  up  and'  gave  a 
fairly  plastic  mass,  bu*  had  very  little  tensile 
strength. 

At  2400°  F.  the  shrinkage  was  10  per  cent,  brick- 
let  still  soft  enough  to  be  scratched  by  the  nail. 

At  2550°  F.  shrinkage  27  per  cent 

At  2600°  F.  shrinkage  30  per  cent.,  brick  resisted 
scratching  by  a  knife. 

At  3100°  F.  bauxite  dense,  gray  in  color,  but  form 
perfectly  sharp. 
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Analysis  of  Baurtte,  Book  Bun,  Cherokee  Oo+,  No.  6. 

Silica 9.50 

Alumina 61.14 

Ferric  oxide trace 

Lime trace 

Magnesia trace 

Water 81.20 


101.84 

The  foregoing  tests  of  these  bauxites  show  a  high 
refractoriness,  but  also  a  very  high  shrinkage  which 
increases  apparently  with  the  fineness  of  grain.  It 
is  difficult  to  draw  conclusions  from  six  specimens, 
however,  just  what  the  relations  of  silica,  alumina, 
water  and  size  of  ^rain  are  which  influence  the  shrink- 
age. 

All  of  these  bauxities  would,  of  course,  have  to  be 
first  calcined  if  used  for  refractory  purposes;  but 
they  could  then  be  mixed  with  a  small  amount  of 
plastic  clay  to  serve  as  binder  and  would  then  make 
a  very  refractory  article.  In  my  report  I  shall  dis- 
cuss this  point. 

(No.  117) 
FIRE  CLAY. 

NEAR  VALLEY  HEAD,  DEKALB  COUNTY. 

The  clay  mines  of  the  Montagues  are  situated  about 
two  mile  up  the  railroad  from  Valley  Head,  and  a 
few  hundred  feet  to  the  west  of  the  track.  Several 
grades  of  clay  are  obtained  from  the  mines,  but  they 
are  not  restricted  in  any  case  to  certain  layers.  The 
following  sample  tested  is  what  is  known  at  the  mines 
as  the  first  grade,  and  its  refractory  character  is  not 
by  any  means  low. 

The  material  is  a  white  sandy  clay,  rather  coarse 
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grained  and  containing  occasional  reddish  or  pinkish 
stains.  There  *s  no'mica  to  be  seen  in  it  It  is  hard 
but  very  porous,  and  practically  does  not  slake  when 
immersed  in  water  for  a  long  period. 

When  mixed  with  35  per  cent,  of  water  it  gave  a 
gritty  but  lean  mass,  which  had  an  air  shrinkage  of  4 
per  cent.  In  this  case  it  had  been  ground  to  pass 
through  a  60-mesh  sieve.  When  ground  to  pass 
through  a  100  mesh  sieve  it  absorbed  the  same  quanti- 
ty of  water  but  the  plasticity  was  slightly  increased, 
while  the  air  shrinkage  remained  about  the  saine. 

At  2100°  F.  the  clay  burns  white;  at  2300°  F.  it  is 
white  with  a  slight  tinge  of  yellow,  and  at  2350"  F.  it 
is  the  same  with  the  total  shrinkage  amounting  to 
only  4  per  cent.  Incipient  fusion  occurs  at  2400°  F. 
and  at  cone  27  in  the  Deville  furnace  the  clay  vitri- 
fied. 

The  tensile  strength  is  very  low,  not  over  5  or  6 
pounds  per  square  inch. 

The  chemical  analysis  yielded : 

Analysis  of  Fire  Clay,  near  Valley  Head,  DeKalb  Co.  (No.  117). 

Silica 82.04 

Alumina • 12.17 

Ferric  oxide trace 

Lime trace 

Magnesia 327 

Alkalies ; 60 

Ignition 4.325  * 

99.463 

Total  fluxes .. 9  27 

Specific  gravity ; ... 2.38 

The  rational  composition  is: 

Clay  substance . . .. 31.10 

Quarts \    64.80 

Feldspar 3.90 

99.90 
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(NO.  116.) 

FIRE  CLAY. 

NEAR  VALLEY  HEAD,  DEKALB  COUNTY. 

Occurring  in  the  same  quarry  is  what  is  known  as 
the  second  grade  of  fireclay.  This  is  a  fine  grained 
yellowish  gray  clay  containing  much  fine  grit.  It 
slakes  quite  quickly  when  thrown  in  water,  and)  when 
worked  up  with  39  per  cent,  of  water  gave  quite  a 
plastic  mass.  The  air  shrinkage  of  the  bricklets  am- 
ounted to  8  per  cent,  which  is  greater  than  that  of  the 
£rst  grade,  which  was  also  less  plastic.  The  tensile 
strength  seems  to  have  increased  with  the  plasticity 
for  it  amounted  to  20  pounds  per  square  inch.  When 
burned  to  2350°  F.  the  total  shrinkage  was  17  per 
cent,  and  incipient  fusion  took  place,  while  vitrifica- 
tion occurred  at  2700°  F.  and  at  cone  27  in  the  Deville 
furnace  the  clay  fused  but  did  not  run.  It  will  be 
thus  seen  that  it  is  less  refractory  than  the  so  called 
first  grade,  which  only  vitrified  at  this  latter  temper- 
ature. Both  are  to  be  classed  as  fireclays  however. 
Up  to  incipient  fusion,  the  clay  remains  white,  but 
above  that  it  begins  to  show  a  yellowish  tint  due  to 
the  presence  of  iron  oxide  in  the  clay. 

The  chemical  composition  of  the  clay  is  : 

Analyai*  of  Fire  Clay,  near  Valley  Head,  DeKalb  Co.  (No.  116). 

Silica 79.80 

Alumina 11.75 

Ferric  oxide 1-75 

Lime 75 

Magnesia .<.  trace 

Alkalies 1.50 

Water .* 4.11 

90.16 

Total  flaxes < 8.50 

Specific  graritj 2.37 
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The  rational  analysis  of  the  clay  gave : 

Clay  substance 31.20 

Quarts 58.00 

Feldspar 10.80 

100.00 

(No.  119). 
FIRE  CLAY, 

PROM  NEAR  FORT  PAYNE,  DEKALB  COUNTY. 

Major  F.  Y.  Anderson  has  made  several  openings  to 
the  west  of  the  Alabama  Great  Southern  Railroad  at 
several  points  between  Valley  Head  and  Fort  Payne 

The  clay  found  in  these  pits  is  in  appearance  not 
unlike  that  which  is  found  in  the  mines  of  Montague 
and  Griffin  to  the  northward.  The  different  grades 
are  recognized*. 

The  second  grade,  as  it  is  called,  No.  119,  is  a 
somewhat  soft,  gritty,  lean  clay,  of  a  yellowish  color, 
due  to  the  numerous  stains  of  iron  oxide,  and  when 
thrown  into  the  water  slakes  slowly  to  a  powder. 

Forty  per  cent,  of  water  gave  a  lean  mass,  and  the 
air  shrinkage  of  the  bricklet  made  from  this  was  8  per 
cent.  Incipient  fusion  occurs  at  2300°  F.,  the  total 
shrinkage  at  this  point  being  14  per  cent.>  and  the 
bricklet  is  yellowish  white.  When  heated  to  cone  27 
in  the  Deville  furnace  the  clay  showed  vitrification. 
While  it  is  fairly  refractory  in  its  nature,  at  the  same 
time,  owing  to  the  yellowish  tint  developed  in  burn- 
ing, it  would  not,  in  its  natural  condition,  do  for  the 
manufacture  of  white  ware.  It  is  possible,  however, 
that  washing  might  eliminate  some  of  the  undesirable 
impurities. 

The  chemical  composition  *s  as  follows: 
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Analysis  of  Fire  Cloy,  near  Fori  Payne,  DeKaVb  Co.  (No,  119). 

811ica 06.25 

Alumina 22.90 

Ferric  oxide 1.60 

Lime trace 

Magnesia trace 

Alkalies 75 

Ignition 9.05 

100.55 

Total  flaxes   2.35 

Specific  gravity 2.28 

'  The  rational  analysis  yielded : 

Clay  substance 40.70 

Quarts 47.90 

Feldspar 11.20 

•^"■"^■"^ 

99.80 

(No.  112). 
FIRE  CLAY, 

FROM   BIBBVILLE,   BIBB   COUNTY. 

This  is  one  of  the  clays  used  by  the  fire  brick  works 
at  Bessemer,  near  Birmingham.  For  use  it  is  mixed 
with  several  other  clays. 

The  material  itself,  however,  is  a  very  sandy  clay, 
with  much  coarse  grit  and  appreciable  quantity  of 
mica.  It  is  also  abundantly  stained  with  limonite  in 
places.  When  thrown  into  water  it  slakes  fairly  fast 
and  falls  to  powder.  It  is  quite  a  plastic  clay,  but  in 
working  it  up  into  a  plastic  mass  it  took  only  22.6  per 
cent,  of  water. 

The  air  shrinkage  amounts  to  6£  per  cent.  At 
about  2200°  F.  the  clay  burns  creamy  white,  and 
shows  a  total  linear  shrinkage  of  9  per  cent  While 
at  about  2300°  F.  incipient  fusion  is  reached*,  with  the 
shrinkage  the  same,  and  the  color  buff.    Vitrification 


\ 
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was  not  attained  until  the  clay  was  heated  to  cone  27 
in  the  Deville  furnace,  and  ever  at  this  temperature 
the  clay  cone  remained  still  perfectly  sharp. 

The  tensile  strength  is  moderate,  ranging  from  75 
to  110  pounds  per  square  inch,  with  an  average  of  102 
pounds  per  square  inch. 

The  analysis  of  this  fire  clay  is : 

Analysis  of  Fire  Clay,  BibbvUle,  Bibb  Co.  (No.  112). 

Silica 74.25 

Alumina^ 17.25 

Ferric  oxide 1.19 

Lime 40 

Magnesia tr. 

Alkalies 52 

Ignition 6.30 

99.89 

Total  fluxes 2.11 

Specific  gravity 2.44 

(No.  111). 
PIKE  CLAY, 

ELGIN  PROPERTY,   NEAR  WOODSTOCK,   BIBB  COUNTY. 

A  sandy,  micaceous  clay,  of  yellowish  color,  whfch 
breaks  up  slowly,  but  completely,  when  immersed  in 
water.  This  needed  23  per  cent,  of  water  to  work  it 
up,  and  gave  a  moderately  plastic  mass.  The  air 
shrinkage  amounted1  to  7  per  cent  In  burning  the 
bricklets  incipient  fusion  occurred  at  2150°  F.,  with  a 
total  shrinkage  of  14  per  cent,  and  the  color  of  the 
clay  light  buff.  At  about  2300°  P.  the  shrinkage  was 
16  per  cent,  and  the  color  ye^ow.  Vitrification  took 
place  at  2350°  F.,  and  at  this  point  the  shrinkage  had 
incresaed  to  18  per  cent.,  while  the  color  had 
changed  to  grayish.     Fusion  tock  place  at  2900°  F. 
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The  tensile  strength  is  moderate,  and  varied  from  100 
to  110  pounds  per  square  inch. 
The  ultimate  composition  is : 

Analysis  of  Fire  Clay,  Woodstock,  Bibb  Co.  (No.  111). 

Silica 65.82 

Alumina   24.58 

Ferric  oxide 1-25 

Lime 

Magnesia tr. 

Alkalies 60 

Ignition 8.165 

100.415 

Total  fluxes 1.86 

Specific  gravity   2.40 

The  rational  analysis  save : 

Clay  substance 62.90 

Feldspar  \ 

Quarta     / 370° 

•  , 

90.90 

(No.  B). 
FIRE  CLAY, 

AUXFORDS,  NEAR  HULL'S  STATION,  TUSCALOOSA  CO. 

This  is  a  sandy  micaceous  gray  clay,  with  a  slightly 
reddish  tinge,  which  crumbles  to  pieces  very  quickly 
when  immersed  in  water.  When  worked  up  it  gives 
quite  a  plastic  mass,  and  requires  33  per  cent,  of 
water  to  accomplish  it.  • 

The  air  shrinkage  is  from  9  to  10  per  cent.,  and  at 
2000°  F.  the  total  shrinkage  was  only  12  per  cent.  At 
this  latter  temperature  the  bricklet  was  hard,  grayish 
red  in  color,  but  still  somewhat  absorbent,  while  at 
about  2200°  F.  vitrification  occurred,  with  a  total 
shrinkage  of  14  per  cent.     The  viscosity  occurred  at 


154  DETAILED  REPORT  ON  ALABAMA  0LAY8. 


2500  F.  The  average'  tensile  strength  of  the  bricklet 
was  155  pounds  per  square  inch,  with  a  minimum  of 
140  pounds  and  a  maximum  of  168  pounds,  which  is 
very  good.  .    \ 

The  composition  of  the  clay  is  as  follows: 

Analysis  of  Fire  Clay,  Hull's  Station,  Tuscaloosa  Co.  (No.  B.) 

Silica 61.25 

Alumina 25.80 

Ferric  oxide 2.10 

Lime 25 

Magnesia 82 

Alkalies 1.35 

Ignition 8.10 

99.47 
Total  flaxes 4.52 


(No.  118). 
FIRE  CLAY, 

J.  C.  BEAN,  TUSCALOOSA  COUNTY. 

It  is  a  fine  grained  clay,  with  very  little  grit,  and  of 
homogeneous  structure.  When  immersed  in  water  it 
slakes  with  extreme  slowness.  The  addition  of  36 
per  cent,  of  water  to  the  clay  gives  a  very  plastic  mass 
and  the  bricklets  made  from  this  had  an  air  shrinkage 
of  12  per  cent. 

When  burned  to  2200°  F.  the  total  shrinkage 
amounted  to  18  per  cent.,  the  bricklet  was  grayish  red 
in  color,  and  very  dense,  incipient  fusion  having 
occurred.  When  heated  to  cone  27  in  the  Deville 
furnace  it  only  vitrified. 

The  burning  dense  of  this  clay  at  such  a  tenPera- 
ture;  and  the  great  difference  in  temperature  between 
the  points  of  incipient  sintering  and  vitrification  are 
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worthy    of    notice,  and  show  it  to  possess  character 
closely  resembling  those  of  many  glass  pot  clays. 

The  composition  of  this  clay  is  as  follows : 

Analysis  of  Fire  Clap,  Tuscaloosa  Co.  (No.  118). 

Silica 58.13 

Alumina 24.68 

Ferric  oxide 3.85 

Lime .15 

Magnesia 32 

Alkalies 1.78 

Ignition 11.78 

100.51 
Total  fluxes 5.92 

The  rational  composition  is : 

Clay  substance 60.85 

Quartz    23.35 

Feldspar 15.80 

100.00 


Glass  pot  clays  vary  in  chemical  composition,  and 
it  is  really  the  physical  behavior  of  the  material 
which  it  is  of  importance  to  know.  At  the  same  time 
the  analyses  of  several  other  glass  pot  clays  are  given 
below  for  comparison. 

Analysis  of  Glass  Pot  Clays 

No.  1. 

Silica 64.89 

Alumina 24.08 

Ferric  oxide 29 

Lime .41 

Magnesia .19 

Potash 87 

Soda -. 16 

Ignition 9.29 
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No.  2. 

Silica 55.61 

Alumina 27.86 

Ferric  oxide 2.78 

Lime 87 

Magnesia 07 

Alkalies 71 

Titanic  oxide 1.3€ 

Sulphuric  acid* 51 

Moisture 2.26 

Ignition 11.13 


• 


Sulphur 25 


No  1  is  from  Layton  Stat'on,  Pa.  (18)7  Report  Pennsylvania  8 tat*  College,  p.  90, 
T.  C-  Hopkins). 

No.  2,  St  Louis,  Mo.,  Washed  pot  clay  (Missouri  Geological  Surrey  Report,  V0\ 
XI,  p.  568.) 

(No.  1). 
FIEE  CLAY, 

PEARCES  MILLS,   MARION  COUNTY. 

This  clay  forms  a  bed  from  four  to  six  feet  thick  in 
the  ravine  to  the  east  of  the  mill.  It  is  a  hard  rock- 
like material,  and  when  mined  has  more  the  appear- 
ance of  a  white  argillaceous  sandstone  than  a  clay. 
It  is  very  hard,  and  when  thrown  into  water  practi- 
cally does  not  slake  at  all,  but  it  is  very  porous. 
When  ground  to  30  mesh  and  mixed  with  water  it  is 
very  lean,  but  grinding  it  to  80  mesh  increases  the 
plasticity.  In  this  latter  condition  it  required  37  per 
cent,  of  water  to  work  it  up.  The  air  shrinkage  was 
4  per  cent.,  whereas  when  burned  to  2100°  F.  it  was  5 
per  cent.,  and  at  2200°  F.  the  total  shrinkage  was  7£ 
per  cent.,  the  color  of  the  bricklet  being  still  white 
like  the  original  clay,  but  the  porosity  great.  At 
about  2300°  F.  the  bricklet  developed  a  slightly  gray- 
ish tint,  and  at  2400°  the  color  was  the  same,  but  the 
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total  shrinkage  10  per  cent  Incipient  fusion  did  not 
occur  until  heated  to  cone  27  in  the  Deville  furnace. 
This  is  a  very  refractory  clay,  and  one  that  has  a 
comparatively  low  shrinkage,  due  to  the  large 
amount  of  silica  in  its  composition. 

Vitrification  occurs  at  cone  30  and  viscosity  at 
cone  33  in  the  Deville  furnace. 

The  composition  of  this  clay  is : 

Analysis  of  Fire  Clay,  Pearc&B  Mill,  Marion  Co.  (No.  1). 

Silica 52.95 

Alumina 35.10 

Ferric  oxide 80 

Lime tr. 

Magnesia tr. 

Alkalies gg 

Ignition 11^40 


-* 


101.18 
Total  fluxes 1,78 

No.  2). 
PIBE  OLAY, 

PEARCES  MILLS,    MARION  COUNTY. 

This  sample  is  from  a  second  opening  which  closely 
adjoins  Pearce's  Store,  and  like  the  other  occurrence 
in  this  vicinity,  it  is  very  gritty,  being  even  more  so 
than  the  first,  and  while  the  material  is  very  porous, 
at  the  same  time  it  slakes  very  slowly,  falling  finally 
to  a  powdery  mass.  The  fracture  of  the  dry  material 
is  hard  and  angular,  the  air  shrinkage  is  very  low, 
amounting  to  only  2  per  cent,  in  the  case  of  sample 
which  had  passed  through  a  30-mesh  sieve. 

At  2350°  F.  the  shrinkage  is  only  6  per  cent.,  and 
the  bricklet  was  creamy  white  in  color,  but  still  very 
absorbent    In  the  Deville  furnace  incipient  fusion 
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occurs  at  cone  27,  vitrification  at  cone  32  and  viscos- 
ity at  cone  34. 

The  tensile  strength  is  very  low,  ranging  from  5 
to  10  pounds. 

The  very  refractory  character  of  this  clay  is  evi- 
dent, but  its  leanness  would  no  doubt  necessitate  its 
being  mixed  with  a  more  plastic  clay  before  it  could 
be  used. 

(No.  57  S.) 
FIRE  CLAY, 

J.  W.  WILLIAMS,  PEGRAM,  COLBERT  COUNTY, 

A  black  gritty  clay,  which  slakes  easily,  considera- 
ble organic  matter  present,  but  no  pyrite  or  mica  no- 
ticeable. 

It  required  28.6  per  cent,  of  water  to  make  a 
workable  mass,  which,  to  the  feel,  was  lean  and 
gritty.  Bricklets  made  of  this  shrank  10  per  cent,  in 
drying  and  3  per  cent,  in  burning,  giving  a  total 
shrinkage  of  13  per  cent. 

The  average  tensile  strength  of  the  air-dried 
briquettes  was  46  pounds  per  square  inch. 

Incipient  fusion  occurs  at  2150°  F.,  vitrification  at 
2350°  F.,  and  viscosity  at  2500°  F. 

The  clay  burns  to  a  white  body,  slightly  tinged 
with  yellow.  * 

The  following  is  its  chemical  composition : 

Analysis  of  Fire  Clay,  J.  W.  Williams,  Pegram,  Colbert  Co.  (No.  57,  fif.) 

Moisture 1-70 

Silica  (total) 80.55,  frea  HLnd  70.10 

Alumina 10.50 

Ferric  oxide 1.53 

Lime 84 

Magnesia traces 

Water  and  organic  matter   5.86 

100.47 
Total  Units 1.87 
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(No.  C.  S.) 
FLINT  CLAY, 

OHOOTAW  COUNTY. 

A  hard7  fine  grained,  siliceous  clay,  resembling  flint 
clay  in  appearance,  but  containing  more  silica  than 
such  material  usually  contains.  It  presents  a 
smooth  surface,  with  conchoidal  fracture,  and  in  wa- 
ter practically  does  not  slake  at  all. 

When  ground  to  pass  through  a  30-mesh  sieve  it  re- 
quired 15  per  cent,  of  water  to  make  a  workable  paste 
and  was  very  lean  and  granular.  The  tensile 
strength  was,  on  the  average,  5  pounds  per  square 
inch. 

The  shrinkage  in  drying  was  2  per  cent.,  and  at 
2300°  F.  6  per  cent.  Incipient  fusion  occurs  at  2300° 
F.,  vitrification  at  2500°  F.  and  viscosity  at  2650°  F. 

On  acccoiint  of  its  refractory  qualities  and  lo* 
shrinkage,  this  flinty  clay  is  admirably  adapted  for 
admixture  with  plastic  fire  clays  to  serve  as  grog  and 
prevent  undesirable  shrinkage.  The  following  two 
analyses,  No.  1,  by  W.  B.  Philips,  and  No.  2,  by  H. 
Bies,  give  the  composition  of  this  material : 

Analysis  of  Fire  Clay,  Choctaw  Co.  (No.  C.  8.) 

(1)  (2) 

Silica   (total) 86.30  86.70 

Alumina 5.12  6.15 

Ferric  oxide 1.60  1.80 

Lime .46  tr. 

Water 6.60  7.00 

100.08  100.65 

Total  fluxes 2.06  1.80 

Specify  gravity 1.70 

•This  is  a  Badiolarlon  clay,  abundant  In  the  Bohrstone  division  of  the 
Tertiary  formation  in  many  localities  In  Choctaw,  Washington,  Clarke, 
Monroe  and  Conecuh  counties.    B.  A.  8. 
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POTTERY  OR  STONEWARE  CLAYS. 

Many  clays  which  are  too  impure  to  be  used  as  fire 
clays  are  often  admirably  adapted  for  pottery  pur- 
poses. In  fact  stone  ware  clays  are  often  somewhat 
intermediate  in  their  nature  between  fire  clays  and 
pipe  clays,  that  is  to  say  they  are  too  impure  for  the 
one  purpose  and  too  good  for  the  other. 

In  the  manufacture  of  stoneware,  it  is  highly  es- 
sential that  the  clay  should  burn  to  a  dense  imper- 
vious body  without  requiring  too  high  a  temperature 
to  accomplish  this,  and  furthermore  if  the  ware  is  to 
be  unglazed  or  is  to  be  coated  with  a  transparent 
glaze  it  is  important  that  the  clay  should  burn  to  a 
good  uniform  color.  In  order  to  obtain  the  desired 
result  it  is  not  uncommonly  the  rule  to  use  a  mixture 
of  two  or  more  clays  for  this  purpose. 

A  stoneware  clay  should  be  smooth,  ai*i  free  from 
coarse  grit,  otherwise  it  may  be  necessary  to  wash  the 
material,  and  thus  increase  the  cost  of  manufacture. 
The  clay,  in  addition,  should  be  highly  plastic  in  or- 
der to  permit  its  being  easily  moulded  without  crack- 
ing, and  the  tensile  strength  should  be  not  less  than 
150  pounds  per  square  inch.  As  the  ware  is  to  be 
burned  to  a  vitrified  body,  it  is  also  desirable  that 
there  should  be  a  difference  of  16 )°  to  250°  P.  between 
the  point  of  vitrification  and  viscosity.  (Earthen- 
ware clays  are  not  vitrified. )  Excessive  plasitcity  is  un- 
desirable as  it  necessitates  very  slow  drying  and  burn- 
ing of  the  ware  and  consequently  increases  the  cost 
of  manufacture ;  while  on  the  other  hand  low  shrink- 
age diminishes  the  loss  from  cracking  or  warping. 

Iron  is  a  desirable  ingredient  not  only  as  it  tends  to 
give  the  body  a  good  red  color,  bint  in  addition  serves 
as  a  flux.  Lime  if  present  as  a  silicate  may  forma 
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desirable  flux,  but  carbonate  of  lime  especially  if  in 
greater  quantities  than  two  or  three  per  cent,  is 
objectionable,  and  sulphate  of  lime  is  likewise  not 
desired  as  owing  to  its  disassoc'ation  at  high  temper- 
atures blisters  may  be  formed. 

A  clay  vitrifying  at  a  low  temperature  is  more 
desirable  as  it  requires  fuel  to  burn  it 

The  pottery  clays  reported  on  are  all  from  the 
Tuscaloosa  formation  of  the  Lower  Cretaceous  except 
No.  204  from  Blount  county,  and  No.  192  from  near 
Rock  Run,  both  of  which  come  from  the  Paleozoie 
limestone  formations. 

(No.  204.) 
STONEWARE  CLAY 

FROM  F.  S.  WHITE,  BLOUNT  CO. 

A  yery  finegrained  sedimentary  clay  of  grayish  white 
color  with  occasional  spots  of  yellow. 

It  slakes  easily  when  thrown  into  water  and  works  up 
to  a  very  plastic  mass  with  28  per  cent,  of  water.  The 
bricklets  made  from  this  had  an  air  shrinkage  of  5  per 
cent. 

Then  burned  at  2200°  F.  it  is  nearly  dense,  cream  gray 
in  color  and  showed  a  total  shrinkage  of  17  per  cent. 

At  2350°  F.  was  vitrified  and  showed  very  light  gray 
color  and  a  total  shrinkage  of  20  per  cent. 

It  fused  at  the  time  at  cone  27  in  the  Deville  furnace. 

The  tensile  strength  of  the  air  dried  briquettes  was  low, 
ranging  from  45  pounds  per  square  inch  to  55  pounds 
per  square  inch. 

The  analysis  of  the  clay  yielded : 
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Analyst*  of  Stoneware  Clay,  Blount  Co.  (No.  204). 

Silica 61.50 

Alumina 26.20 

Ferric  oxide 2.10 

Lime 0.50 

Magnesia 0.43 

Alkalies 0.70 

Ignition 7.29 

08.72 
Total  flaxes 3.73 

While  this  clay  is  not  highly  refractory,  at  the  same 
time  it  has  about  the  right  refractoriness  to  beus?d  in  the 
manufacture  of  stoneware,  and  owing  to  the  dense  body 
to  which  it  burns,  is  excellently  adapted  probably  to  mix 
with  more  opened  grained  clays,  which  require  a  good 
binding  material. 

(No.  1 92.) 
POTTERY  CLAY 

FROM    C.   C.   DAVENPORT,   ROCK  RUN,   CHEROKEE   CO, 

A  green  clay,  of  extreme  fineness  of  grain,  great  density 
and  bre  iking  with  a  conschiodal  fracture.  In  water  it 
slackens  rapidly  to  a  flocculent  mass. 

It  took  30  per  cent  of  water  to  work  it  up  and  it  yielded 
a  lean  and  somewhat  granular  mass,  which  had  an  air 
skrinkage  of  9  per  cent. 

The  bricklets  made  from  this  clay  burn  to  a  greenish 
brown  color,  and  vitrify  easily  at  about  2000°  F, 

At  about  1 800°. F.  incipient  fusion  occurs,  with  total 
shrinkage  of  18  per  cent,  and  color  brown.     The  clay., 
fuses  to  a  glassy  mass  at  about  2150°  F. 

The  average  tensile  strength  of  the  air  dried  briquettes 
was  62  pounds  per  square  inch,  with  a  maximum  of  70 
pounds. 

The  analysis  of  the  clay  shows  as  follows : 
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Analysis  of  Pottery  Clay,  Roch  Run,  Cherokee  Oo.  (No.  192). 

Silica. " 67.00* 

Alumina 17.80 

Ferric  oxide 5.60 

Lime 2.10 

Magnesia 1.20 

Alkalies 6.00 

Ignition 9.45 


99.15 
Total 14.90 

The  high  percentage  of  fluxes  accounts  for  its  easy 
fusibility,  and  the  best  use  for  this  material  would  per- 
haps be  as  a  natural  glaze.  It  is  exceedingly  fine  grained. 
When  a  slip  is  made  of  it  and  No.  205  (clay  from  near 
Kymulga)  dipped  into  it,  at  cone  3-4  it  yielded  a  trans- 
parent glaze. 

CHALK  BLUFF,  ELMORE  COUNTY. 

At  this  locality  there  is  a  high  bluff  of  clay  and  sand. 
The  section  involves  approximately  : 

Beotion  at  Chalk  Bluff,  Elmore  Oo. 

Sand    6  feet 

Yellow  clay 4  feet 

Dark  sandy  clay 12  feet 

Plastic  clay 10  feet 

Both  the  dark  sandy,  and  lower  plastic  clay  were  tested 
and  yielded  very  promising  results.  The  lower  bed  yields 
a  stoneware  clay,  and  the  upper  a  brick  clay.  (See  Noe. 
101  and  122.) 

(No.  101.) 
STONEWARE  CLAY. 

CHALK  BLUFF,  ELMORE  CO. 

This  is  a  leddish  gray  fine  grain*  d  clay,  containing 
much  fine  mica  and  also  an  abundance  af  organic  matter. 
In  water  it  slakes  very  slowly.     The  addition  of  38  per 
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cent,  of  water  to  the  air  dried  clay  gives  a  fairly  elastic 
mass,  and  bricklets  made  from  this  have  an  air  shrinkage 
of  6  per  cent.  At  2  U>0°  F.  the  total  shrinkage  is  1 1  [  er 
cent.,  and  the  color  of  the  burned  clay  is  somewhat  red- 
dish. Incipient  fusion  occurs  at  this  temperature,  while 
vitrification  takes  place  at  2200°  F.  with  a  total  shrink- 
age of  13  per  cent.,  the  color  of  the  clay  when  burned  to 
this  point  being  a  dull  red.  Viscosity  took  jlace  at 
2600°,  so  that  the  clay  is  not  to  be  classed  as  a  fire  clay, 
it  would  probably  work  however  for  vitrified  ware.  The 
tensile  strength  is  exceedingly  high,  and  runs  from  300 
to  384  pounds  per  square  inch,  and  while  there  is  con- 
siderable variation,  at  the  same  time  even  the  lower  figure 
is  very  great. 

The  chemical  composition  is : 

Analysis  of  Stoneware  Clay,  Chalk  Bluff,  Elmore  Co.   (Xo.  101). 

Silica 60.38 

Alumina 20.21 

Ferric  oxide 6.16 

Lime 09 

Magnesia 720 

Alkalies • 1.80 

Ignition 10.21 

99.570 

Total   fluxes 8.77 

(Nos.  88  and  89.) 
POTTERY  CLAY. 

MCLEAN'S,  EDGEWOOD,  ELMORE  CO. 

Considerable  clay  is  dug  for  pottery  on  the  land  of  Air. 
McLean,  4  miles  from  Prattville,  along  the  line  of  the  C. 
M.  R.  R.  This  clay  occurs  in  large  pockets  surrounded 
by  sand,  it  is  chiefly  of  two  kinds,  i.  e.,  a  smooth  plastic 
clay  and  a  sandy  one. 

The  former  (No.  88)  is  very  tough,  and  quite  plastic. 
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In  water  it  slakes  in  angular  fragments,  and  when  worked, 
requires  32  per  cent,  of  water  to  develop  its  plasticity. 
The  clay  is  rather  fine  grained,  but  with  a  conchidal 
fracture,  and  shows  iron  stains  on  its  joint  surfaces. 

The  tensile  strength  does  not  appear  in  this  case  to 
stand  in  direct  relation  to  the  plasticity,  for  the  maximum 
is  only  56  pounds  per  square  inch,  and  the  average  49 
pounds. 

The  clay  burns  to  a  buff  color,  and  a  dense  body,  and 
is  quite  refractory. 

The  total  shrinkage  at  2350°  F.  is  18  per  cent.  At 
2700  it  is  18.05  percent. 

In  the  Deville  furnace,  at  cone  30,  the  clay  vitrified 
and  showed  no  evidence  of  becoming  viscous. 

The  second  or  sandy  clay  (No.  89)  slakes  very  quickly. 
It  gi  v'es  a  moderately  plastic,  but  though  not  so  tough  a 
mass  as  the  preceding.  The  tensile  strength  is  however 
h:'gher,  being  74  pounds  on  the  average,  and  92  at  the 
maximum. 

The  air  shrinkage  is  8.75  per  cent ;  at  2200°  F.  the 
total  shrinkage  was  11  per  cent.;  at  2350°  the  total  shrink- 
age was  12  per  cent. 

The  clay  fuses  at  cone  30  in  the  Deville  furnace. 

Associated  with  these  stoneware  clays  is  a  bed  of  ochre 
which  fuses  easily  to  a  brownish  glass.  Its  composition 
is: 

Analysis  of  Ochre,  Edgewood,  Elmore  Co. 

Silica.. 51.14 

Alumina    30.13 

Ferric  oxide 8.35 

Lime tr. 

Magnesia tr. 

Alkalies    tr. 

Ignition 10.15 

«  ■ 

99.77 
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(No.  P.  S.) 
POTTERY  CLAY  (BLUISH.) 

FROM  MCLEAN  POTTERY,  ELMORE  00. 

A  compact  bluish  clay  which  slakes  rather  quickly  in 
water.  It  shows  little  grit  to  the  taste.  It  required  20 
per  cent,  of  water  to  make  a  workable  mass,  which  to  the 
feel  was  smooth  and  plastic.  This  mud  shrunk  6  per  cent, 
in  drying  and  an  additional  6  per  cent,  in  burning,  giv- 
ing a  total  shrinkage  of  1 2  per  cent.  The  average  tensile 
strength  of  the  air  dried  briquettes  was  55  pounds  per 
square  inch  with  a  maximum  of  66  pounds.  Incipient 
fusion  occurred  at  1950°  F.,  vitrification  at  2150°  F.  and 
viscosity  at  2400°  F. 

The  clay  burns  to  a  dense,  smooth,  bluish  white  body, 
and  dhould  make  a  good  stoneware  clay.  In  burning  it 
had  to  be  heated  slowly. 

The  analysis  of  it  is  as  follows : 

Analysis  of  Pottery  Clay,  McLean's,  Edge  wood,  Elmore  Co.  (No.  P.  JB.-) 

Silica    (total) €2.60 

Alumina 26.98 

Water   8.60 

Ferric  oxide 72 

Lime 40 

Magnesia .86 

Alkalies .65 

Moisture .70 

101.01 

Free  silica 80.10 

Total  fluxes 2.18 

Sepclfly  gravity   ; . .       2.87 

STONEWARE  CLAY 

FROM  NEAR  COOSADA,  ELMORE  CO. 

This  is  a  moderately  fine  grained  but  somewhat  gritty 
clay,  which  however  is  quite  plastic,  requiring  26.25  per 
cent,  of  water  to  develop  its  plasticity. 
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The  tensile  strength  was  on  the  average  154  pounds, 
with  a  maximum  of  170  pounds. 

The  air  shrinkage  amounted  to  8.1  per  cent.;  at  about 
2200°  F.  the  total  shrinkage  was  14  per  cent.,  the  clay  at 
this  temperature  haying  burned  nearly  dense,  and  the 
brick  being  a  brown  gray  color ;  at  about  2300°  F.  the 
total  shrinkage  was  15  per  cent.,  the  brick  was  very  hard, 
homogeneous,  dense,  and  still  of  a  brownish  gray  color 
though  somewhat  darker;  at  2500°  F.  the  brick  was  thor- 
oughly vitrified,  and  showed  a  slight  swelling,  the  shrink- 
age at  this  temperature  being  only  13.5  per  cent,  and  the 
color  remained  unchanged  except  that  it*  was  slightly 
darker  in  shade.  A  test  made  of  this  clay  in  the  Deville 
furnace  showed  that  at  cone  26  it  had  become  viscous. 

The  composition  of  the  clay  is  as  follows  : 

Analysis  of  Stoneware  Clay,  Coosada,  Elmore  Co. 

Silica 66.61 

Alumina 21.04 

Ferric  oxide 2.88 

Lime    '. 40 

Magnesia.... .58 

Alkalies 70 

Water 7.00 

99.21 
Total  fluxes    4.46 

(No.  1  S.) 

POTTERY  CLAY. 

H.  H.  CRIBBS,  TUSCALOOSA, 

This  is  a  whitish,  fine  grained  clay  with  small  amounts 
of  grit,  which  slakes  easily  to  small  irregular  grains  and 
scales ;  it  required  25  per  cent,  of  water  to  mix  it  and 
gave  a  moderately  plastic  mass  whose  air  shrinkage  was  6 
per  cent,  and  fire  shrinkage  4  per  cent.,  giving  a  total 
shrinkage  of  10  per  cent.;  briquettes  made  of  this  paste 
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had,  when  air  dried,  a  tensile  strength  of  68  pounds  per 
square  inch  and  a  maximum  tensile  strength  of  78  pounds 
per  square  inch. 

Incipient  fusion  occurs  at  2000°  F.,  vitrification  at 
2200°  F.  and  viscosity  at  2400°  F. 

The  clay  burns  to  a  dense  yellowish  body ;  the  com- 
position of  it  is  as  follows : 

Analysis  of  Pottery  Clay,  H.  H.  Cribbs,  Tuscaloosa  (No.  1,  S.) 

Total  silica 65.35 

Alumina 21.30 

Water 7.35 

Ferric  oxide 2.72 

Lime 60 

Magnesia .86 

Alkalies tr. 

Moisture 1.44 

90.62 

Free  silica   (sand) 39.25 

Total  fluxes • 4-18 

Specific  gravity    2.34 

Another  analysis  of  this  white  clay  from  the  Cribbs  bed 
was  made  by  Dr.  Wm.  B.  Phillips  and  is  as  follows . 

Analysis  of  White  Plastic  Clay,  Cribbs  Place,  Tuscaloosa,  Ala. 

Silica 62.25 

Alumina 27.90 

Lime 2.36 

Ferric  oxide    0.10 

Loss  at  red  heat   10.00 

102.61 
Total  fluxes 2.46 

If  coarse  grained  this  clay  would  probably  work  for  a 
low  grade  of  fire  brick,  as  its  fusibility  would  probably  be 
less.  It  would  probably  work  for  potters  clay,  although 
it  would  no  doubt  be  desirable  to  add  a  clay  possessing 
greater  plasticity  and  tensile  strength  to  it. 

The  comparative  purposes  there  are  given  herewith  the 
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tests  of  two  Missouri  clays  quoted  in  Vol.  XI  of  Missouri 
Geological  Survey.  The  one  has  a  much  higher  tensile 
strength  however : 

Analyses  of  Missouri  Clays. 

1.  2. 

Silica 35.32  66.26 

Alumina* 22.68  20.32 

Water 7.42  7.80 

Ferric  oxide ••        1.81  2.30 

Lime 25  .63 

Magnesia 67  .48 

Alkalies 1.72  2.04 

Total  fluxes 4.«*5  *    5.45 

Incip.   fusion    2000°  200o°P 

Vitrification    2200°  2200°F 

Viscosity    2400°  2400°F 

Average  tensile  str.,  lbs.  per  sq.  in 87  122 

Maximum  tensile  strength 98  135 

No.  1  Is  from  Waltman's,  Barton  Co.,  used  for  stoneware. 
Xo.  2  Is  from  Lanigan  shaft,  Moberly,  Randolph  Co. 

In  composition  it  also  resembles  somewhat  two  clays 
from  Ohio.* 

Analysis  of  Ohio  Clays. 

1.  2. 

Combined  silica 25.40  27.68 

Free  silica 40.81  36.58 

Alumina 21.13  22.05 

Water 6.29  6.74 

Ferric  oxide 1.28  1.28 

Lime .51  .45 

Magnesia 18  .37 

Alkalies 1.80  1.96 

Moisture 1.65  2.05 


Total    fluxes    4.77  5.86 

No.  1.  Cooking  ware  clay,  Laresville,  Muskingum  Co. 
No.  2.  Stoneware  clay,  Akron,  Summit  Co. 

In  all  of  these  analyses  it  will  be  noticed  that  the  per- 
centage of  alkalies  is  higher,  but  the  total  fluxes  are 
nearly  the  same,  except  in  the  la^t  one. 

•O.  Geol.  Surv.  VII,  1893. 
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In  the  case  of  the  Ohio  samples  no  physical  tests  have 
been  made. 

(No.  115.) 

STONEWARE  CLAY. 

J.  0.  BEAN,  TUSCALOOSA  00, 

This  is  from  the  property  of  J.  C.  Bean,  near  Tasca- 
looso,  in  S.  31,  T.  20,  R.  11.  The  bed  of  clay  is  6  feet 
thick  and  overlain  by  4  feet  of  white  sand. 

It  is  a  rather  fine  grained  dense  clay,  which  slakes  very 
slowly.  On  mixing  with  36  per  cent  of  water,  it  gave  a 
very  plastic  mass,  whose  air  shrinkage  was  11  per  cent., 
at  2200°  F.  the  clay  burned  a  pinkish  brown  and  showed 
a  total  shrinkage  of  16  per  cent.,  while  at  2250°  F.  it 
burned  a  grayish  brown  with  a  total  shrinkage  of  18  per 
cent.  Incipient  fusion  occurs  at  2100°  F.,  vitrification  at 
2300°' F.  and  viscosity  at  cone  27  in  the  Deville  furnace. 
Owing  to  the  extreme  plastice  nature  of  the  clay  it  was 
very  hard  to  make  briquettes  which  did  not  show  evidence 
of  flaws  so  that  the  tensile  strength  ranged  from  only  90 
to  100  pounds  per  square  inch,  which  is  probably  low. 
Specific  gravity  2.40. 

(No.  100.) 
POTTERY  CLAY. 

J.  O.  BEAN,  TUCALOOSA  OO. 

This  is  a  rather  fine  grained  clay,  and  at  the  same  time 
a  dense  one.  It  contains  an  appreciable  quantity  of  or- 
ganic matter  which  not  only  increases  the  plasticity  but 
also  necessitates  slow  drying  and  burning  of  the  material- 
The  addition  of  31.5  per  cent,  of  water  to  the  clay  con- 
verts it  into  a  very  plastic  mass,  whose  shrinkage  in  air 
drying  amounted  to  9  per  cent.  In  burning  incipient 
fusion  occurs  at  2100°  F.,  at  which  point  the  total  shrink- 
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age  was  14  per  cent,  and  the  bricklet  buff  in  color.  At 
2200°  F.  the  shrinkage  was  16  per  cent  and  the  bricklet 
grayish  buff,  while  vitrification  oecurred  at  2200°  P.  ac- 
companied by  a  total  shrinkage  of  17  per  cent.  Viscosity 
took  place  at  2500°  F.  The  tensile  strength  was  only 
moderate,  being  84  to  85  pounds. 
The  chemical  composition  is  : 

Analysis  of  Pottery  Clay,  J.  O.  Bean,  Tuscaloosa  Co.  (No.  100). 

Silica 60.08 

Alumina 24.66 

Ferric  oxide 8.69 

Lime 18 

Magnesia 880 

Alkalies    , tr. 

Ignition 11.842 

100.282 
Total  fluxes 4.20 

(No.  32  S.) 
STONEWARE   CLAY. 

ROBERTS'  MILL,  COAL  FIRE  CREEK,* PICKENS  CO. 

A  gray,  tough,  rather  fine  grained  clay,  which  in  water 
slakes  eomewhat  slowly  to  a  mixture  of  grain 
one-sixteenth  to  one-thirty-second  of  an  inch 
in  size.  Taste  gritty.  Patches  of  fine  sand 
and  ore  scattered  through  the  clay,  and  associated  with 
them  are  a  few  small  flakes  of  white  mica. 

The  clay  when  ground  to  30  mesh  and  mixed  with  21,8 
per  cent,  water  gave  a  workable  mass  of  quite  plastic 
character,  which  shrunk  4  per  cent  in  drying  and  8  per 
cent  in  burning,  making  a  total  shrinkage  of  12  per  cent. 

Air  dried  briquettes  of  the  clay  had  an  average  tensile 
strength  of  117  pounds  per  square  inch  and  a  maximum 
strength  of  142  pounds. 

Incipient  fusion  occurred  at  2000°  F.;  vitrification  at 
2200°  F.  .and  viscosity  at  2400°  F. 
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The  clay  burned  to  a  stiff  buff  body,  which  deepens  on 
hard  firing. 

The  composition  is  as  follows : 

Analysis  of  Stoneware  Clay,  Roberts'  Mill,  Pickens  Co.   (No.  32  S.) 

Silica   (total) 68.23 

Alumina    20.35 

Water 6.10 

Ferric  oxide    3.20 

Lime 34 

Magnesia tr. 

Alkalies 74 

Moisture    l.<  6 

100.02 

Free   silica    (sand) 43.23 

Total  fluxes    4.28 

Specific  gravity   2.17 

This  clay  might  also  serve  for  stoneware.  It  burns  to 
a  buff  color. 

In  general  composition  this  clay  resembles  somewhat  a 
stoneware  clay  used  at  Zanesville,  Ohio*,  which  is  given 
below.  It  will  be  noticed  however  that  while  the  per 
centage  of  total  fluxes  is  very  close,  the  individal  ones 
differ  somewhat  in  amount  from  those  in  the  Alabama 
clay. 

Analysis  of  Ohio  Clay. 

Silica    (combined) 25.40 

Alumina    21,13 

Water 6.29 

Ferric  oxide 1.28 

Lime    .51 

Magnesia .18 

Alkalies    1.80 

Moisture 1.65 

a 

99.24 

Free  silica    (sand) 40.81 

Total  fluxes 3.77 

•Ohio  Geo.  Surv.  VI I,  193. 
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(No.  US.) 
POTTERY  CLAY. 

CBIBBS  PLACE,  BEDFORD,  LAMAR  CO. 

A  df,rk- colored,  tough  clue  clay,  containing  much  or- 
ganic matter.  It  is  very  dense,  and  slakes  very  slowly. 
No  pyrite  aud  few  mica  scales  were  noticeable. 

It  requires  45  per  cent,  of  water  to  make  a  workable 
mass,  which  was  extrremely  plastic  and  Cat.  This  clay 
shrunk  12.5  per  cent,  in  drying  and  an  additional  6.5  per 
ceat.  in  burning  giving  a  total  shrinkage  of  19  per  cent., 
which  is  a  large  amoumt.  The  tensile  strength  of  this 
air  dried  briquette  should  be  great,  but  on  account  of 
the  excessive  plasticity  it  was  found  hard  to  mould  bri- 
quettes which  were  free  from  flaws,  so  that  most  of  them 
broke  at  about  100  pounds  per  square  inch.  Incipient 
fusion  occurs  at  1900°  F.  Vitrification  at  2100°  F.  and 
viscosity  at  2300°  F.  The  clay  burns  to  a  deep  red, 
dense  body. 

The  following  is  the  composition  of  it. 

Anal y sis  of  Pottery  Clay,  Cribbs'  Place,  Lamar  Co.  (No.  11,  8.) 

Total   silica    60.9 

Alumina 18.98 

Water    and    organic    matter      12.46 

Ferric  oxide '. 7.68 

Lime trace 

Magnesia trace 

Alkalies trace 

Moisture 90 

100.92 

Free  silica    (sand)    37.92 

Total  fluxes    7.68 

Specific  gravity    2.313 

The  chief  use  of  ihis  clay  wo'ild  probably  be  as  a  bond 
for  leaner  clays,  in  the  manufacture  of  courser  grades  of 
pottery,  or  perhaps  sewer-pipe. 
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In  burning  it  has  to  be  heated  very  slowly  to  prevent 
cracking,-  and  the  same  holds  true  of  the  drying.  Ite 
excessive  plasticily  is  in  part  due  to  the  contained  organic 
matter. 

(No.  27  S.) 
STONEWARE  CLAY. 

J.  B.  GREEN,  FERNBANK,  LAMAR  CO, 

A  dense,  fine  grained,  compact,  tough  clay,  that  falls 
to  pieces  extremely  slowly  in  water.  No  pyrite  notice- 
able.    Taste  somewhat  gritty. 

It  required  32.6  percent,  of  water  to  make  it  work  up, 
giving  a  plastic  mass.  The  shrinkage  in  drying  was  10 
per  cent.,  and  an  additional  7  per  cent,  in  burning,  mak- 
ing a  total  shrinkage  of  17  per  cent.  The  tensile  strength 
as  determined  by  pulling  apart  air  dried  briquettes  of  the 
clay  was  on  the  average  152  pounds  per  square  im,h  with 
a  maximum  of  185  pounds  per  square  inch. 

Incipient  fusion  occurs  at  1900°  F.,  vitrification  at 
2100°  F.,  viscosity  at  2300°  F. 

The  clay  burns  to  a  hard,  impervious  body,  of  a  deep 
red  color.  There  is  considerable  organic  matter  present 
in  the  clay,  which  adds  somewhat  to  the  plasticity. 

The  analysis  of  the  clay  is  as  follows: 

Analysis  of  Stonexcare  Clay,  Fernbank,  Lamar  Co.  (No.  27  S.) 

Silica   (total)    69.50 

Alumina    13.00 

Water  and  organic  matter   6.70 

Ferric  oxide   6.40 

Lime 25 

Magnesia tr. 

Alkalies ■  tr. 

Moisture    3.40 

99.2* 

Free  silica   (sand)    48.90 ' 

Total  imparities   6.65 

Specific  gravity 2.305 
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This  clay  would  probably  woik  very  well  for  stone- 
ware. 

(No.  71  S.) 

POTTERY  CLAY. 

W.  DOTY,  FAYETTE  CO. 

A  fine  grained,  red  clay,  with  little  coarse  grit,  and 
very  few  mica  scales.  Slakes  quickly  to  fine  grains.  It 
required  34.3  per  cent  of  water  to  work  it  into  a  mass  of 
good  pla9ticily,  the  bricklets  made  from  it  shrinking  7 
per  cent,  in  drying  and  an  additional  6  per  cent  in  burn- 
ing* giving  a  total  shrinkage  of  13  per  cent. 

The  tensile  strength  of  the  air  dried  briquettes,  was 
on  the  average;  116  pounds  per  square  inch,  with  a  max- 
imum of  155  pounds. 

Incipient  fusion  occurs  at  2000°  F.,  vitrication  at 
2200°  F.,  and  viscosity  at  2400°. 

It  burns  to  a  deuse  hard  body  of  a  nice  deep  red  color, 
which  darkens  as  vitrification  is  approached. 

The  composition  of  the  clay  is  as  follows: 

Analysis  of  Pottery  Clayy  W.  Doty,  Fayette  Co.     (No.  11,  S. ) 

Silica   (total)    65.58 

Alumina 19.23 

Water 5.50 

Ferric   oxide    4.48 

Lime   tr. 

Magnesia    tr. 

Moisture 1.40 

96.19 

Free  silica  (sand)    45.85 

Total  fluxes 4.48 

Specific  gravity 2.42 
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(No.  70S.) 
POTTERY  CLAY. 

W.    DOTY,    FAYETTE   CO. 

A  fine  grained,  rather  gritty,  reddish  clay.  In  water 
it  slakes  quickly  to  small  irregular  grains.  The  addition 
of  25  per  cent  of  water  gave  a  plastic  mass,  which  shrunk 
6.2  per  cent,  in  drying  and  an  additional  5.8  percent,  in 
burning,  giving  a  total  shrinkage  of  1 2  per  cent. 

Briquettes  of  the  air  dried  clay  had  an  average  tensile 
strength  of  95  pounds  per  square  inch,  and  a  maximum 
of  151  pounds. 

Incipient  fusion  occurred  at  2000°  F.,  and  viscosity  at 
2400°  F.  The  clay  burns  to  a  yellowish  color  at  2000°, 
but  to  a  red  at  2200°.  The  body  of  the  burned  clay  is 
smooth  and  dense. 

The  clay  analyzed  as  follows: 

Analysis  of  Pottery  Clay,  W.  Doty,  Faette  Co.  (No.  70  S.) 

Silica   (total) 67.10 

Alumina    19.37 

Water    6.08 

Ferric  oxide 2.88 

Lime    tr. 

Magnesia    .725 

Alkalies 672 

Moisture 1.71 

98.537 

Free  silica    (sand) 43.93 

Total   fluxes 4.27 

Specified  gravity 2.416 

In  (ompositon  this  clay  resembles  some-what  a  clay 
usei  for  pottery  and  sewer  pipe,  and  obtained  at  Gilker- 
son  Ford,  Henry  Co.,  Mo.* 

•Mo.  Geol.  Survey  XI,  p.  828. 
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The  composition  of  this  clay  is: 

Aualysit  of  Clay,  Henry  Co.,  JfO. 

Silica.. 67.49 

Alumina 21.11 

Water 5.95 

Ferric  oxide 2.45 

Lime .17 

Magnesia .68 

Alkalies 2.88 

100.68 

Total  flaxes 6.08 

Specific  gravity 2.28 

The  shrinkage  in  both  drying  and  burning  is  s'x  per 
cent,  and  the  tensile  strength  in  110  on  the  average,  with 
a  maximum  of  J  27.     Incipient  fusion  begins  at  2000°  F. 
complete  vitrifi(  ation  at  2300°F.,  and  viscosity  at  2400°  F. 


(No.  68  S.) 
POTTEKY  CLAY  (REFRACTORY). 

SHIRLEY  S  MILL,  FAYETTE  CO. 

A  fine  grained,  compact  clay,  with  lit  le  coarse  grit,  but 
considerable  fine  sand.  Color  drab.  It  slakes  very 
slowly  to  scaly  grains. 

Three  per  cent,  of  water  were  required  to  make  a  work- 
able paste  which  was  quite  plastic.  This  paste  shrunk 
10  per  cent,  in  drying  and  4  per  cent,  in  burning,  giving 
a  total  shrinkage  of  14  per  cent. 

The  tensile  strength  of  the  air  dried  briquettes  showed 
an  average  of  106  lbs.  per  square  inch,  and  a  maximum 
of  123  lbs. 

The  clay  burns  to  a  yellowish  white  body.  Incipient 
fusion  occurs  at  2000°  F.,  vitrification  at  2200°  F.,  and 
viscosity  at  2400°  F.,  The  composition  of  the  clay  is  as 
given  below: 
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Analysis  of  Rt/r.ictory  Pottery  Clay%  Shirley's  Mill,  Fayette  Co.,  {Ne.  08  S.> 

Silica  (total) 72.20 

Alumina 17.42 

Water  and  loss 7.40 

Ferric  oxide 2.40 

Lime trace 

Magnesia trace 

Alkalies .56 

Moisture 12 


100.10 

Free  silica  (sand) 52.31 

Total   fluxes 2.96 

Specific  gravity 2.28 


This  clay  might  work  for  an  inferior  grade  of  fire  brick, 

or  also  for  pressed  brick  of  a  light  color,   or  even   for 

potter's  clay.     It  resembles  rather  closely  in  composition 

a  stoneware  clay  from  Commerce,   Scott  Co.,  Missouri,11" 
agreeing  closely   in   every  respect   except    the    tensile 

strength.     For  sake  of  comparison  the  properties  of  the: 

Commerce  clay  are  given  herewith: 

Analytie  of  Clay,  Commerce,  Mo. 

Silica 71.78 

Alumina 17.01 

Water   8.13 

Ferric  oxide 2.01 

Lime 34 

Magnesia    43 

Alkalies    78 


100.48 

Total  fluxes    3.56 

Specified  gravity 2.03 

Incipient  fusion 2000°  F. 

V'itrificaton    2200°  F. 

Viscosity    2400°  F. 

Average  tensile  strength 225  lbs.  per  sq.  Inch 

Maximum  tensile  strength ...254  lbs.  per  sq.  inch. 


*Mo.  Qeol.  Survey,  XI,  350. 
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(No.  23  S.) 
STONEWARE  CLAY. 

HEZEKIAH  WIGGINS,  FAYETTE  CO, 

A  light  gray,  hard,  compact  clay,  of  moderately  silic- 
ious  character  and  containing  a  few  scattered  mica  scales. 
It  slakes  very  slowly  to  tough  scaly  flakes. 

In  order  to  make  a  workable  paste  the  clay  required 
the  addition  of  34.3  per  cent,  of  water.  This  paste  was 
markedly  plastic.  Its  shrinkage  in  drying  was  14  per 
cent,  and  8  per  cent,  in  burning,  giving  a  total  shrink- 
age of  22  per  cent.  The  tenacity  of  the  air  dried  mass 
was  on  the  agerage  232  lbs.  per  square  inch  with  a 
maximum  of  300  lbs.  per  square  inch;  which  is  exceeded 
by  comparatively  few  clays. 

Incipient  fusion  occurs  at  1900°  F.,  vitrification  at  2100° 
F.,  and  viscosity  at  2300°  F.  The  clay  burns  to  a  dense 
red  body,  but  requires  slow  drying  and  heating  to  avoid 
cracking. 

The  composition  of  this  clay  is  as  follows: 

Andlysia  of  Stoneware  Olay,  H.  Wiggins,  Fayette  Co.  (No.  28  S.) 

Silica    (total)    68.27 

Alumina    19.68 

Water 6.05 

Ferric  oxide 8.52 

Lime 1.80 

Magnesia tr. 

Alkalies 1.20 

Moisture 8.75 

M.77 

Free  silica    (sand) 89.59 

Total  fluxe* »• 6.02 

Specific  sz&Ylty  •••••••••  •  •-•  •  •-•  •  •-•  •  •-•  •  •  •-•  •-•  •  •  •      iiW 

The  clay  agrees  in  composition  in  a  general  way  with 
some  of  the  stoneware  clays  of  Missouri  and  Ohio,  and 
its  shrinkage  and  tensile  strength  are  similiar  to  a  stoa 
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ware  clay  from  Harrisonville,  Cass  Co.,  Mo.,*  but  the  lat- 
ter having  nearly  3  per  oent.  more  fluxes  fuses  at  a  lower 
temperature. 

(No.  65a.   8.) 
POTTERY  GLAY. 

TEN  MILES  SOUTHEAST  OP  HAMILTON,  MARION  00. 

A  moderately  gritly,  medium  grained  clay  with  a  few 
mica  scales,  it  required  28.9  per  cent,  of  water  to  make  a 
Workable  mass,  which  is  rather  lean.  The  air  shrinkage 
of  bricklets  made  from  this  was  6.5  per  cent,  with  an 
additicmal  shriukage  of  5.5  per  cent,  in  burning,  making 
a  total  shrinkage  12  per  cent. 

The  average  tensile  strength  of  air  dried  briquettes 
was  58  lbs.  per  sq.  inch  with  a  maximum  of  6.5  lbs.  per 
square  inch. 

Incipient  fusion  occurs  at  1 950°  F.,  vitrification  at  2150 
F.,  and  viscosity  at  2350°  F. 

It  burns  to  a  grayish  buff  color. 

The  chemical  composition  is  as  follows: 

Analysis  of  Pottery  Clay,  10  miles  southeast  of  Hamilton,  Marion  Co. 
(No.  Ma,  8.) 

Silica  (total) 70.00 

Alumina 21.31 

Water 6.85 

Ferric  oxide 2.88 

Lime , 20 

Magnesia tr. 

Alkalies tr. 

Moisture   . . .' 60 

101.24 

Free  silica    ( sand) «5  80 

Total  fluxes 8.08 

Specific  gravity 2.10 

*Mo.  Geol.  Survey  XI,  p.  315. 
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(No.  62  S.) 
POTTERY  CLAY. 

THOMAS  ROLLINS,  FRANKLIN  00. 

A  fine-grained  tough  clay,  which  elakts  very  slowly 
when  thrown  into  water,  but  splits  very  easily  along  thin 
sandy  layers  which  occur  at  intervals  of  about  every 
half  inch,  a  few  mica  scales  are  present,  the  addition  of 
20  per  cent,  of  water  gave  a  workable  and  quiet  plastic 
paste. 

The  shrinkage  of  bricklets  made  from  this  paste  was 
10  per  cent,  in  drying,  and  4  per  cent,  in  burning,  or  a 
total  of  14  per  cent. 

The  average  tensile  strength  of  air  dried  briquettes  was 

102  Ibs.per  square  inch,  with  a  maximum  of  127  lbs.  per 

square  inch. 

Incipient  fusion  occurs  at  1 900 °  F. ,  vitrification  at  2 100  ° 
F.,  and  viscosity  at  2300°  F.  The  clay  burns  to  artd- 
gray,  but  has  to  be  heated  very  slowly, 

The  composition  of  the  clay  is  as  follows: 

Analysis  of  Pottery  Clay,  Thomas  Rollins,  Franklin  Co.  (No.  62,  8.) 

Total  silica 67.50 

Aumlna 19.84 

Water    6.15 

Ferric  oxide    ., 6.15 

Lime   . . . : 12 

Magnesia    .10 

Moisture    « . . . .  1.50 

Total    100.97 

Free  silica  (sand) 48.48 

Total  fluxes    5.90 

Specific  gravity    2.36 

(No.  55  S.) 

,  POTTERY  CLAY  (REFRACTORY.) 

J.  W.  WILLIAMS,  PEGRAM,  COLBERT  CO. 

A  white  clay  of  fine  grain,  which  slakes  easily  in  water. 
The  addition  of   26  per  cent,  of  water  gave  a  lean 
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workable  mass  which  shrank  5  per  cent,  in  drying,  and 
10  per  cent,  in  burning,  giving  a  total  shrinkage  of  15 
per  cent.  The  average  tensile  strength  of  air  dried 
briquettes  per  sq.  inch  is  30  lbs ,  and  the  maximum  ten- 
sile strength  per  sq.  inch  is  35  lbs. 

Incipient  fusion  occurs  at  2150  F.,  vitrificataon  at  2300 
F.,  and  viscosity  at  2500  F.;  the  clay  burns  to  a  dense 
yellowish  white  body. 

Following  is  the  composition  of  the  clay: 

AnalyiU  of  Pottery  Clay  J.  W.  Williams,  Pegram,  Colbert  Co.  (No.  SS  8.) 

Total  Bllica 66.45 

Alumina    18.53 

Ferric  oxide 2.40 

Water 8.68 

Lime   1.50 

Magnesia 1.25 

Alkalies    tr. 

Moisture 78 

99.59 

Free  silica   (sand) 44.22 

Total  fluxes   5.15 

Clay  base 49.44 

Specific  gravity 2.39 

This  clay  could  probably  be  purified  by  washing,  it 
corresponds  in  general  composition  to  a  fire  clay  from 
Parker  and  RusseFs  Mine*  near  St.  Louis  Mo.,  but  the 
latter  on  account  of  its  greater  coarseness,  has  a  larger 
refractoriness. 

BRICK  CLAYS. 

The  term  brick  clays  is  a  somewhat  elastic  one  for  it 
may  include  those  used  for  the  manufacture  of  common 
brick,  front  or  pressed  brick,  and  paving  brick.  As  the 
requirements  are  somewhat  different  they  can  be  men- 
tioned briefly  and  apart. 

Clays  for  common  brick.     For  this  purpose  almost  any 

♦Missouri  Geol.  Survey.    Vol.  XI,  p.  570. 
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clay  suffices,  in  fact  so  little  attention  is  applied  to 
material  used  for  this  purpose,  that  the  product  is  often 
soft  and  porous.  Clays  for  common  brick  should  not  be 
excessively  sandy,  otherwise  the  brick  will  be  weak  and 
porous.  They  should  possess  sufficient  plasticity  to  mould 
without  cracking,  but  not  be  so  plastic  as  to  warp,  due 
to  excessive  shrinkage.  Most  brick  clays  burn  red.  Fer- 
ruginous clays  can  be  more  safely  burned  to  a  hard  pro- 
duct than  clacareous  ones,  which  burn  buff  or  cream 

colored. 

The  methods  used  for  moulding  common  brick  are  the 

soft  mud,  by  which  the  soft  plastic  mass  is  forced  into  the 
mould;  and  the  stiff  mud,  in  which  the  clay  is  forced  from 
a  die  of  rectangular  cross  section  and  then  cut  up  into 
bricks.  The  latter  method  gives  greater  capacity,  but 
the  bricks  unless  thoroughly  burned  will  not  stand  the 
weather  as  well.  Very  plastic  clays  and  very  lean 
ones  are  adapted  to  the  stiff  mud  process,  the  former  be- 
cause they  are  not  tenacious  enough,  the  latter  because 
owing  to  their  pastiness  and  the  structure  of  the  machine 
a  laminated  structure  is  developed  in  the  brick. 

Brick  clays  should  have  a  tensile  strength  not  less  than 
50  lbs.  per  square  inch.  They  are  not  required  to  stand 
a  high  degree  of  heat,  a  few  common  brick  kilns  attain  a 
temperature  of  over  1800  or  1900  degrees  Fahr. 

The  more  rapidly  the  clay  slakes  the  easier  will  it  be 
to  temper  it 

Clays  for  front  or  pressed  brick.  For  this  purpose  a 
lighter  grade  of  clay  is  required,  and  the  material  must 
not  only  burn  to  a  hard  body  but  also  to  a  uniform 
color,  for  on  the  latter  depends  much  of  the  beauty  of  the 
structure.  In  no  branch  of  the  clay  working  industry  is 
the  range  of  colors  producible  from  natural  clay  mixtures 
more  carefully  considered  than  in  the  manufacture  of 
pressed  brick. 


:J. 
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Mapy  shades  are  obtained  either  by  mixing  two  or  more 
clays,  or  by  adding  artificial  coloring  agents  to  the  raw 
materials. 

Clays  for  front  brick  should  shrink  evenly  in  burning, 
and  not  warp  nor  crack.  Straightness  of  outline  and 
evenness  of  size  are  essential  to  close  fitting  when  set  in 
the  wall. 

Many  front  brick  are  moulded  by  the  dry-press  process, 
in  which  the  clay  is  forced  into  the  mould  in  the  form  of  a 
dry  powder.  Such  bricks  have  straight  edges  and  smooth 
surfaces,  but  unless  burned  good  and  bard  they  chip 
easily.  At  many  localities  the  clay  is  moulded  in  soft  mud 
or  stiff  mud  machines,  and  the  brick,  while  still  soft,  re- 
pressed in  a  second  machine  whereby  the  surfaces  are 
smoothed  even  and  the  edges  straightened.  These  lat- 
ter brick  do  not  tend  to  exhibit  the  same  brittlenees  abng 
the  edges  as  the  dry  press  brick  are  apt  to. 

Front  brick  sell  from  $15.00  to  $70.00  per  1000,  de- 
pending on  the  color  and  shape. 

Clays  for  paving  brick.  The  nature  of  these  must  be 
such  that  they  can  be  burned  to  vitrification.  To  do  this 
economically  and  on  a  large  scale  the  points  of  vitrifica- 
tion and  viscosity  should  be  at  least  125°  F.  apart  and 
preferably  200°  F.  If  they  were  not  it  would  be  impos- 
sible to  bring  a  kiln  full  of  bricks  to  vitrification  without 
running  them  up  to  the  temperature  of  viscosity.  For 
this  reason  calcareous  clays  are  not  well  adapted  to  pav- 
ing brick  manufacture. 

Paving  brick  clays  should  possess  moderate  or  good 
plasticity  so  that  they  can  be  moulded  by  the  stiff  mud 
process,  and  while  it  is  desirable  that  the  tensile  strength 
should  be  75  pounds  or  more,  at  the  same  time  many 
good  pavers  are  made  from  mixtures  whose  tensile  stiength 
is  not  over  50  pounds  per  square  inch. 

Shales  are  used  to  a  large  extent  for  the  manufacture 
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of  paying  brick,  partly  because  many  of  them  contain 
about  the  right  quantity  and  kind  of  fluxing  impurities, 
and  also  because,  owing  to  the  fineness  of  grain,  they  vit- 
trify_more  evenly  and  thoroughly. 

Paving  brick  are  at  times  made  from  fireclay,  and  the 
results  obtained  are  excellent,  but  still  shale  is  the  favored 
mateiial. 

Except  for  comparing  brick  made  from  the  same 
deposit,  the  color  is  absolutely  no  indication  of  the  quality 
of  a  paving  brick. 

The  important  properties  which  a  paving  brick  should 
show  are  low  absorption  (under  2  per  cent.)  and  resistance 
to" abrasion.  Crushing  strength  is  of  little  importance 
provided  it  exceeds  say  8,000  pounds  per  square  inch. 


The  brick  clays  described  below  come  from  several 
geological  formations.  The  Graves'  shales,  Nos.  107  and 
108  ;  the  Coaldale  shale  and  the  Pearce  Mill  shale,  No.  3, 
are  Carboniferous  shales.  The  Dixie  clay  and  No.  128 
and  129  of  Mr.  Stevens,  are  from  the  Poleozoic  limestones, 
while  the  rest,  No.  110  from  Shirley's  Mill,  No.  122  from 
Chalk  Bluff,  Elmore  Co.;  No.  126  of  Mr.  Stevens,  from 
Woodstock ;  No.  A,  from  Tusealoosa  Co.,  are  from  the 
Tuscaloosa  formation  of  the  Sower  Cretaceous. 

(Nos.  107  and  108.) 
BRICK-SHALES. 

W.  H.  GRAVES,  BIRMINGHAM,  JEFFERSON  CO. 

Associated  with  the  coal  on  the  property  of  Mr.  W.  H. 
Graves  are  two  beds  of  shale,  viz:  a  yellow,  sandy  shale, 
and  a  gray  one  containing  much  less  grit.  Both  of  these 
were  tested  physically  and  the  results  of  these  tests  are 
given  below.     The  yellow  shale  contains  a  high  per  cent- 
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age  of  ferric  oxide  and  fusee  very  easily,  while  the  gray 
shale  contains  several  per  cent,  less,  and  ia  much  better 
adapted  to  the  manufacture  of  vitrified  #tra.  The  com- 
position and  physical  characters  of  the  two  are  given  side 
by  side  for  the  purposes  of  comparison. 

Light  or  gray  shale,  No.  108. 

Plasticity,  quite  good.  The  shale  takes  25  per  cent  of 
water  to  work  it  up. 

Air  shrinkage  2  per  cent. 

Shrinkage  at  2000°  F.,  9  per  cent.     Brick  good  red 

color  not,  very  porous. 

Shrinkage  at  2200°  F.,  12  per  cent.  Brick  reddish 
brown,  and  just  about  vitrified. 

Fusion  a  250fl°  F. 

Tensile  strength — average  105  pounds,  minimum  85 
pounds  per  square  inch. 

Dark  or  yellow  shale.  No.  107. 

Plasticity  moderate;  shale  gritty,  requires  20  per  cent, 
of  water  to  work  it  up. 

Air  shrinkage  1 }  per  cent. 

Shrinkage  at  2000°  F.,  5  per  cent.  Brick  good  red 
color.     Somewhat  porous. 

Shrinkage  at  2150°  F.,  6$  per  cent,  Brick  nearly 
dense,  reddish  towards  brown. 

At  2250°  F.,  nearly  vitrified. 

Fusion  at  2500°  F. 

Tensile  strength  only  40  pounds  to  square  inch. 

Analysis  of  shales,  Birmingham,  Jefferson  Co.  (No.  107  and  106.) 

(108)  (107) 

Silica    57.80  61.55 

Alumina 25.00  20.25 

Ferric  oxide 4.00  7.28 

Lime 2.10  tr. 

Magnesia   80  .086 

Ignition 7.50  6.19 

Alkalies 1.80  2.25 

90.00  98.466 

Total  fluxes 8.70  8.45 

Specific  gravity        2.12  2.28 
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The  gray  shale  burns  to  a  denser,  harder  body  than 
the  yellow,  and  does  not  blister  as  easily  in  burning  ow- 
ing to  its  lower  per  centage  of  iron. 

PAVING  BRICKS  SHALE, 

COALDALE,    ALA. 

A  yellowish  red,  soft  shale,  with  considerable  grit.  No 
mica  or  pyrite  noticeable. 

Ground  to  30  mesh  and  mixed  with  22  per  cent,  of 
water  it  gave  a  It  an  paste,  which  shrunk  4  per  cent,  in 
drying  and  5.5  per  cent,  in  burning,  giving  a  total  shrink- 
age of  9.5  per  cent. 

The  tensile  strength  of  the  air  dried  briquettes  was  on 
the  average  of  25  pounds  per  square  inch  with  a  maxi- 
mum of  35  pounds. 

Incipient  fusion  occurs  at  1900°  F.,  vitrification  at 
2000°  F.,  and  viscosity  at  2150°  F. 

The  shale  burns  to  a  red  body  and  makes  a  good  red 
brick.     It  is  also  used  for  paving  brick. 

(No.  33.) 
RED  SHALE, 

PEARCtfs  MILLS,  MARION  CO. 

There  is  an  an  extensive  outcrop  of  partially  weathered 
Carboniferous  shale  along  the  private  road  of  Mr.  Pearce 
just  before  reaching  the  millls.  It  is  a  red,  rather  fine 
grained  material,  and  contains  a  small  amount  of  mica. 
Its  soft  character  renders  the  mining  of  it  an  easy 
matter.  When  ground  the  shale  gives  a  moderately 
plastic  mass  whose  plasticity  could  no  doubt  be  increased 
by  weathering.  Forty  per  cent,  of  water  were  required  to 
work  it  up,  and  the  bricklets  made  from  this  material  had 
an  air  shrinkage  of  4  per  cent.     When  burned  to  2000 
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F.,  the  total  shrinkage  WuS  8  per  cent,  and  the  color  of 
the  bricklet  was  a  rich  red.  At  2100°  F.9  th*  color  of 
the  bricklet  was  the  same,  and  the  shrinkage  was  9  per 
cent.,  incipient  fusion  having  occurred  at  this  point 
Vitrification  occurs  at  2200°  F.,  and  the  color  is  deep  red, 
while  viscosity  took  place  at  about  2300°  F.  In  drying 
the  clay  showed  little  evidence  of  containing  any  appre- 
ciable quantity  of  soluble  salts  that  would  tend  to  form 
any  efflorescence,  nor  did  any  show  themselves  afetr 
burning. 

The  comparatively  small  shrinkage  and  the  rich  red 
color  to  which  the  clay  burns  would  make  it  ad- 
mirably adapted  to  the  manufacture  of  pressed  brick,  but 
unless  it  was  mixed  with  a  more  plastic  clay  it  would 
hardly  work  for  the  production  of  terra  cotta. 

The  semi- weathered  character  of  the  material  would 
also  facilitate  the  preparation  of  it. 

(No.  A.) 
PAVING  BRICK  CLAY, 

TEN  MILE  CUT,  TUSCALOOSA  CO. 

The  sample  of  this  clay  was  collected  by  the  writer 
from  what  is  known  as  the  Ten  Mile  Cut  on  the  M.  &  O. 
R.  R.,  west  of  Tuscaloosa.  It  is  a  somewhat  gritty  clay, 
which  contains  thin  seams  of  sand.  The  general  color  of 
the  clay  is  bluish-gray,  but  here  and  there  it  shows  stains 
of  limonite  especially  oh  the  sandy  fractures.  Wh*n 
thrown  into  water  it  slakes  and  gives  in  working  a  some- 
what gritty,  but  quite  plastic  mas9,  which  requires  26.00 
per  cent,  of  water  to  work  it  up. 

The  air  shrinkage  of  the  clay  amounted  to  8  J  per  cent. 
while  at  2200°  F.,  it  was  only  10  per  cent.,  and  at  2300° 
F.,  12  per  cent.,  at  which  point  incipient  fusion  occurred. 
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Vitrification  took  place  at  cone  27  in  the  Deville  fur- 
nace and  fusion  above  cone  30. 

The  tensile  strength  of  tho  *ir  dried  briquettes  varied 
from  126  to  144  pounds  per  square  inch  with  an  average 
of  140  pounds.  The  clay  burns  to  a  buff  color,  and  is 
to  be  classed  as  a  refractory  one  although  it  is  not  highly 
so.  Its  location  is  excellent  for  cheap  working,  and  easy 
shipment  of  the  product,  and  while  it  has  been  put  under 
the  head  of  paving  brick  clays  there  is  no  reason  why  it 
should  not  find  uses  in  other  directions  as  well. 

The  chemical  composition  of  this  clay  is  as  follows : 

AndlytU  of  Paving  Brick  Olay,  Tuscaloosa  Oo.  (No.  A.)  • 

Silica 72.70 

Alumina   .' 19.61 

Ferric  oxide 984 

Alkalies   t 80 

Ignition 6.50 

100.544 
Total  fluxes 1.734 

PRESSED  BRICK  CLAY, 

DIXIE  POTTERY  CO.,  OXFORD,  CALHOUN  CO. 

This  is  the  clay  used  by  the  Dixie  Tile  and  Pottery  Co. 
For  the  manufacturer  of  buff  brick,  the  clay  is  quite  plas- 
tic, and  considering  this  fact  it  does  not  seem  to  require 
an  extraordinary  amount  of  water  to  work  it  up.  The 
amount  used  being  only  25.75  per  cent.  The  average 
tensile  strength  is  130  pounds  per  square  inch,  with  a 
maximum  of  144  pounds.  In  air  drying  the  clay  shrunk 
about  10  per  cent ;  at  about  2200°  F.  incipient  fusion  be- 
gan, and  up  to  this  point  the  clay  had  burned  a  buff  color 
but  then  began  to  burn  to  a  grayish  tint ;  vitrification  took 
place  at  2400°,  and  the  total  shrinkage  to  this  point  was 
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18  per  cent.     The  clay  fused  or  became  viscous  at  2600° 
F.     The  following  is  a  composition  of  it : 

Analysis  of  Pressed  Brie*  Clap,  Oxford,  (Whom*  Co. 

Silica 71.80 

Alumina 17.16 

Ferric  oxide 1.94 

Lime 60 

Magnesia 43 

Alkalies 95 

Ignition 7.00 

99.98 
Total  fluxes 3.92 

This  clay  should  make  a  good  buff  colored  ware  if 
burned  at  a  comparatively  low  temperature,  but  if  burned 
to  vitrification  the  color  would  of  course  be  much  darker 
as  indicated  by  the  test,  and  owing  to  the  high  shrinkage 
in  burning  it  would  be  necessary  to  conduct  the  latter 
slowly  and  with  care  to  prevent  cracking  of  the  clay.* 

(No.  110.) 

PRESSED  BRICK  CLAY. 

shirlky's  mill,  fayettk  co. 

The  clay  from  this  locality  is  a  very  fine  grained  dense 
one,  but  at  the  same  time  breaks  up  very  easily. 

It  took  33  per  cent,  of  water  to  work  it  up,  and  the  air 
shrinkage  of  the  bricklets  was  6  per  cent. 

Incipient  fusion  occurs  at  2100°  F. 

Vitrification  took  place  at  2200°  F.  and  at  this  point, 
the  bricklet  showed  a  total  shrinkage  of  16  per  cent.,  and 
a  deep  cream  color. 

In  the  Deville  furnace,  at  cone  27,  the  clay  became 
viscous. 


•These  bricks  are  well  known  in  Alabama,  and  deserve  to  be  even  more 
generally  usd  than  they  are.     E.  A   8. 
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While  this  clay  is  not  to  be  looked  upon  as  a  refractory 
one,  it  would  seem  that  owing  to  the  beautiful  color,  to 
which  it  burns,  it  would  be  highly  desirable  for  the  manu- 
facture of  pressed  brick. 

The  composition  of  the  clay  is : 

Analysis   of  Pressed  Brioh  Clay,  Shirley's  MM,  Fayette  Oo.  (No.  HO.) 

Silica    71.32 

Alumina 20.10 

Ferric  oxide 1.05 

Lime tr. 

Magnesia 316 

Alkalies tr. 

Ignition    7.505 

100.291 

Total  fluxes 1.866 

Specific  gravity 1.90 

(No.  122.) 
BRICK  CLAY. 

CHALK  BLUFF,  ELMORE  CO. 

The  upper  half  of  the  clay  bed  at  this  locality  is  com- 
posed of  a  dark,  dense,  grayish  brown  clay  which  contains 
a  large  amount  of  organic  matter,  either  in  a  finely  divided 
condition  or  in  the  form  of  leaves.  Although  not  sandy, 
at  the  same  time  it  is  rather  lean  when  mixed  up  with 
water,  and  owing  to  the  presence  of  so  much  organic  ma- 
terial absorbed  40  per  cent,  of  water  when  it  was  being 
worked  up  to  a  plastic  mass.  The  air  shrinkage  was 
however  only  6  per  cent.  .At  1900°  F.  it  had  reached  a 
total  of  14  per  cent.,  but  the  bricklet  was  still  very  ab- 
sorbent ;  at  2100°  F.  incipient  fusion  had  been  reached 
and  the  total  shrinkage  was  18.7  per  cent.,  while  the 
color  was  brownish  red ;  and  at  about  2200°  F.  the  total 
shrinkage  was  20  per  cent,  and  the  color  brown,  and  this 
color  had  deepened  considerably  at  2250°  F.  with  the  ap- 
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appearance  of  vitrification  ,  while  the  maximum  shrinkage 
amounted  to  21  per  cent.  Viscosity  was  obtained  in  the 
Deville  furnace  at  cone  27. 

This  clay  therefore  shows  an  appreciable  and  safe  dis- 
tance between  vitrification  and  viscosity.  The  tensile 
strength  is  however  low,  averaging  75  pounds  per  square 
inch,  with  a  maximum  of  97  pounds  per  tquare  inch, 
and  a  minimum  of  68  pounds.    Specific  gravity,  2.41. 

(No.  26  A.  Stevens.) 
BRICK  CLAY. 

WOOKSTOCK,   BIBB   CO. 

This  is  quite  a  plastic  clay,  which  requires  29  per 
cent,  of  water  to  produce  its  maximum  plasticity.  The 
air  shrinkage  was  6  per  cent.,  and  the  average  tensile 
strength  was  10 J  pounds  per  square  inch,  with  the  max  - 
mum  of  104  pounds.     The  fire  test  gave  the  followii.g 

results: 

At  2250°  F.,  the  shrinkage  10  per  cent,  clay  incipiently 
fused,  color  buff. 

At  2400°  F.,  shrinkage  11  per  cent.,  color  a  dark  buff. 

At  2500°  F.,  clay  vitrified,  color  reddish. 

Viscosity  occurs  at  cone  27  in  the  Deville  furnace. 

The  composition  of  the  clay  is : 

AnalytU  of  Brick  OK*,  WooiUtook,  Bibb  Co.  (No.  m  A.  Btwm*.) 

Silica    ; 74.20 

Alumina    17.25 

Ferric  oxide 1.22 

Lime    30 

Magnesia 40 

Alkalies   tr. 

Ignition   7.35 

100.79 
Total  flaxes 1.92 


f 
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(No.  129,  Stevens.) 
BRICK  CLA.Y. 

BIRMINGHAM. 

This  is  a  very  dense  hard  clay,  which  required  con- 
siderable grinding  to  break  it  up.  The  different  lots  were 
mixed  up,  and  the  one,  A,  being  composed  of  two-fifths  of 
the  clay  which  was  passed  through  20  mesh  sieve,  and 
thee-fifths  of  particles  greater  than  20  mesh. 

The  second  lot,  B,  was  made  up  entirely  of  that  which 
had  passed  through  the  20  mesh  sieve. 

Both  lots  gave  a  rather  lean  mass,  but  A  required  19 
per  cent,  of  water  and  B  16  per  cent,  to  work  up.  The 
average  tensile  strength  of  A  is  12  pounds,  and  that  of  B 
35  pounds.     The  air  shrinkage  of  both  was  4  per  cent. 

In  burning  to  2300°  F.  the  shrinkage  of  A  was  3  per 
cent,  the  color  of  the  bricklet  a  full  yellow,  and  the  body 
very  absorbent.  At  2400°  F.  incipient  fusion  occurred  in 
both  cases,  and  the  color  of  the  bricklet  was  a  brownish 
gray,  and  the  total  shrinkage  10  per  cent. 

At  2500°  F.  the  clay  was  vitrified,  of  a  dull  brownish 
gray  color,  and  showed  a  very  homogeneous  fracture. 

Viscosity  occurred  at  2700°  F. 

The  chemical  composition  of  the  clay  is: 

Analysis  of  Brick  Clay,  Birmingham.    (No.  m  Stevens.) 

Silica 67.30 

Alumina 16.10 

Ferric  oxide 7.77 

Lime    tr. 

Magnesia   tr. 

Alkalies    . . .  <■ tr. 

Ignition 9.25 

Total  fluxes 100.42 
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(No.  128,  Stevens.) 
BRICK  CLAY. 

ARGO,   JEFFERSON   CO. 

This  was  a  very  plastic  smooth  clay,  which  took  22.20 
per  cent,  of  water  to  work  it  up.  'The  tensile  strength 
varied  from  120  to  136  pounds  per  square  inch.  The  air 
shrinkage  was  7  J  per  cent.  The  behavior  of  the  clay  at 
other  temperatures  was  as  follows : 

At  2250°  F.  the  shrinkage  was  12  percent.,  color  yel- 
lowish gray. 

At  2300°fcF.  the  shrinkage  and  the  color  the  same,  but 
incipient  fusion  had  begun. 

At  2500°  F.  the  clay  was  vitrified,  and  the  total  shrink- 
age was  14  per  cent.  In  the  Deville  furnace,  at  cone  27, 
the  clay  became  thoroughly  viscous. 

It  could  not  therefore  be  called  a  very  refractory  clay,, 
but  would  work  no  doubt  very  well  for  pressed  brick  or 
for  other  purposes. 

The  composition  of  the  clay  is  as  follows : 

Analysis  of  Brick  Clay,  Argo,  Jefferson  Oo.  (No.  128  Stevens.) 

Silica 72.87 

Alumina 18.03 

Ferric  oxide 2.00 

Lime 61 

Magnesia    .42 

Alkalies 53 

Ignition 6.62 

101.08 
Total  fluxes 3.56 

MISCELLANEOUS  CLAYS. 

These  are  all  derived  from  the  Tuscaloosa  formation  of 
the  lower  Cretaceous. 
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(No.  67  S.) 
CLAY  FROM  W.  D.  BAGWELL'S, 

SEVEN  MILES  NORTH  OF  FAVfiTTE  COURT  HOUSE,  FAYETTE  CO. 

A  gritty  clay,  that  slakes  slowly  but  completely  to  fine 
grains. 

The  clay  required  28  per  cent,  of  water  to  make  a 
washable  mass,  which  was  slightly  plastic  and  gritty. 
This  paste  shrunk  6  per  cent,  in  drying  and  3  per  cent,  in 
burning,  giving  a  total  shrinkage  of  9  per  cent. 

The  average  tensile  strength-  of  the  air  dried  briquettes 
was  45  pounds  per  square  inch,  with  a  maximum  of  53- 
pounds. 

Incipient  fusion  occurred  at  2100°  F.,  vitrification  at 
2250°  F.,  and  viscosity  at  2409°  F. 

The  clay  burns  to  a  deep  buff  color. 

Its  composition  is  as  follows  : 

Analysis  of  Clay  from  W.  D.  Bagwell,  Fayette  Co,  (No.  67.  8.) 

Silica    (total)    75.70 

Alumina    14.3d 

Water 4.45 

Ferric  oxide 4.64 

Lime tr. 

Magnesia ' tr. 

Moisture    1.24 

100.39 

Free  silica   (sand) 58.00 

Total  fluxes   4.64 

Specific  gravity 2.26 

(No.  40  S.) 

CLAY  FROM  H  PALMER, 

BEXAR,  MARION  CO. 

A  gritty,  fine  grained  clay,  containing  scales  of  mica, 
which  slakes  easily  and  quickly  to  irregular  grains. 
It  required  26  per  cent  of  water  to  make  a  workable 
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paste,  which  to  the  feel  was  very  slightly  plastic  and  it 
tasted  gritty.  In  shrinkage  in  drying  was  6  per  cent,  and 
3  per  cent,  in  burning,  making  a  total  shrinkage  of  9  per 
cent. 

Air  dried  briquettes  of  the  mad  had  an  average  tensile 
strength  of  66  pounds  per  square  inch,  and  a  maximum 
tensile  strength  of  68  pounds  per  square  inch. 

Incipient  fusion  occurred  at  2000°  P.;  vitrification  at 
2160°  F.  and  viscosity  at  2300°  F.;  at  2000°  F.  it  buras 
to  a  buff,  but  on  retrifying  it  becomes  red  in  color. 

The  composition  of  the  clay  is  as  follows : 

Analysis  of  Clay,  H.  Palmer,  Be*ar,  Marion  Co.  (No.  40  S.) 

Silica  (total)    71.33 

Alumina • 21.88 

Water   5.54 

Ferric  oxide 32 

Lime 234 

Magnesia .305 

Moisture 1.05 

100.659 

Free  silica  (sand) 46.45 

Fluxes 859 

Specific  gravity 2.305 

(No.  12.) 

CLAY  FROM  H.  PALMER, 

BEXAR,  MARION  CO. 

A  tine  grained  clay,  with  sandy  laminae  and  mica 
scales  between  the  layers.  It  slakes  slowly  to  fine  particles 
and  grains  of  sand. 

The  clay  required  the  addition  of  31  percent,  of  water 
and  gave  a  moderately  plastic  mass,  that  shrank  5  per 
cent,  in  drying  and  3  per  cent,  in  burning,  making  a 
total  shrinkage  of  8  per  cent.  •  The  briquettes  made  from 
this  paste  had,  when  air  dried,  an  average  tensile  strength 
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of  85  pounds  p  ,r  square  inch,  with  a  maximum  of  89 
pounds  per  square  inch. 

Incipient  fusion  occurs  at  1950°  F.,  complete  vitrifica- 
tioh  at  2150°  F.,  and  viscosity  at  2350°  F.  The  clay 
burns  to  a  yellowish  red  body. 

Its  composition  is  as  follows  : 

Analysis  of  Olay,  H.  Palmer,  Beaar,  Marion  Co.  (Na  12) 

Total  silica 69.93 

Alumina 20.15 

Water 5.90 

Ferric  oxide 1.88 

Lime 42 

Magnesia tr. 

Alkalies tr. 

Moisture 1.20 

Total  fluxes 1.80 

Specific  gravity 2.28 

(No  41  S.) 
MOTTLED  CLAY. 

BEXAR,    MARION    CO. 

A  very  open  grained,  sandy  clay,  with  scattered  scales 
of  mica  and  occasional  iron  stains.  It  slakes  very 
quickly  to  its  component  mineral  grains. 

It  required  39  per  cent,  of  water  to  work  it  up.  It  is 
slightly  plastic,  and  shrunk  6  per  cent,  in  drying  with 
an  additional  11  per  cent,  in  burning,   making  a  total 

shrinkage  of  17  per  cent. 

Air  dried  briquettes  of  the  mud  had  an  average  ten- 
sile strength  of  15  lbs.  per  square  inch,  and  a  maximum 
of  80  lbs.  per  square  inch. 

Incipient  fusion  occurs  of  2000°  F.,  vitrification  at  2150° 
F.,  aud  viscosity  at  2300.  The  clay  burns  to  a  red,  but 
not  very  smooth  body. 

The  clay  analyzed  as  follows: 
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^Analysis  of  Mottled  Clay,  Beaur,  Marion  Co.  (No.  41  8.) 

Silica  (total)    '. 72.40 

▲lamina 14.86 

Water ' 5.05 

Ferric  oxide 7.64 

Lime 20 

Magnesia 40 

Moisture 65 

101.2o 

Free  silica  (sand)    55.20 

Fluxes 8.24 

Specific  gravity 2.445 

(No.  18  S.) 
BLUE  CLAY. 

THIRD   CUT   NEAR   GLEN  ALLEN,  MARION  CO. 

A  very  fine-grained  soft  clay  with  little  grit,  which 
slakes  very  readily  on  being  thrown  into  water. 
r  It  required  28  per  cent,  of  water  to  make  a  workable 
ma 88  which  was  slightly  plastic.  The  shrinkage  of  this 
paste  in  drying  was  8.3  per  cent.,  and  in  burning  7  per 
cent,  giving  a  total  shrinkage  of  15.3  per  cent.  The 
tensile  strength  of  the  air  dried  briquettes  was  56  lbs. 
per  square  inch  on  the  average,  with  a  maximum  of  65 
lbs.  per  square  inch. 

Incipient  fusion   occurs   at   1950°  F.,  vitrification   at 
2150°  P.,  and  viscosity  at  2350°  V. 

The  clay  burns  to  a  light  bluff. 

The  composition  on  analysis  was  fuund  to  be  as  follows: 

r 

Analysis  of  Blue  Clay,  R.  R.  Cut,  near  Olen  Allen,  Marion  Co.  (No.  18  S.) 

Silica  (total) 88.10 

Alumina 21.89 

Water 5.05 

Ferric  oxide 2.01 

Lime 80 

Magnesia .28 

Alkalies 40 

Moisture 70 

99.230 

Free  silica   (sand) 41.60 

Total 4.19 

Specific  gravity 2.44 
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The  fineness  of  grain  is  probably  accountable  for  the 
low  tensile  strength  and  comparatively  low  temperature 
of  vitrification  and  fusion.  As  far  as  the  composition  is 
concerned  it  is  not  unlike  some  of  the  potters  clays  used 
it  the  United  States,  but  its  low  tensile  strength  would 
probably  act  against  its  utility  for  this  purpose,  unless 
mixed  with  a  more  plastic  clay.  For  building  materials 
it  would  no  doubt  work  all  right.  Being  of  fine  uniform 
grain  permits  the  production  of  a  very  smooth  surface  on 
the  ware. 


(No.  X.  S.) 
CLAY  FROM  W.  J.  BECKWITH'S. 

COLBERT   CO. 

A  moderately  fine-grained,  homogeneous,  brittle,  porous 
clay,  with  a  semi-couehoidal  fracture.  In  water  it  slakes 
slowly  to  particles  mostly  under  one-sixteenth  inch  in  size. 

When  mixed  with  28  per.  cent,  of  water  it  gave  a  lean 
mass  of  somewhat  gritty  feel,  which  shrunk  5  per  cent, 
in  drying  and  6  per  cent,  in  burning,  or  a  total  shrink- 
age of  11  per  cent.  The  clay  had  to  be  dried  and  burned 
slowly  to  prevent  cracking. 

Air  dried  briquettes  made  of  the  mud  had  an  average 
tensile  strength  of  22  lbs.  per  square  inch,  and  a  maxi- 
mum strength  of  38  lbs. 

Incipient  fusion  occurs  at  2050°  F.,  vitrification  at 
2250°  F.,  and  viscosity  at  2450°  F. 

The  clay  burns  to  a  deep  buff  body,  and  requires  care- 
ful heating  to  avoid  cracking. 

An  analysis  of  the  material  gave  the  following  results: 
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AMrtytia  of  Clay,  W.  J.  Beokwith,  Colbert  Co.  (No.  X  S.) 

Silica  (total) 58.20 

Alumina ,  29.86 

Water   9.12 

Magnesia tr. 

Lime 20 

Ferric  oxide 2.22 

Alkalies tr. 

Moisture 1.18 


100.78 


Free  silica 22.59 

Total  fluxes 2.44 

Specific  gravity 2.18 


THE  UTILIZATION  OF  CLAY  FOR  PORTLAND 

CEMENT. 

Aside  from  being  used  for  the  manufacture  of  clay  pro- 
ducts, there  remains  the  possibility  of  using  some  of  the 
Alabama  clays  for  the  manufacture  of  Portland  cement. 
The  three  essential  elements  of  this  material  are  lime, 
silica  and  alumina.  The  first  of  these  is  supplied  by 
limestone,  marl  or  chalk,  while  the  other  two  are  contain- 
ed in  clay. 

In  the  manufacture  of  Portland  cement  the  two  mate- 
rials are  ground  and  intimantely  mixed  after  which  they 
are  burned  to  vitrification.  During  the  Burning  certain 
compounds  are  formed,  especially  calcic  aluminates  and 
silicates,  whose  union  with  water  and  subesquent  crystal- 
lization causes  the  cement  to  set.  The  mixture  of  clay 
and  limestone  is  manipulated  so  that  in  the  finished 
product,  the  per  cent  age  of  lime  shall  be  equal  to  2.8 
times  the  silica  plus  1.1  times  the  alumina  and  to  main- 
tain this  constancy  requires  that  the  composition  of  the 
materials  used  must  be  constantly  watched. 

While  it  is  possible  to  get  a  proper  cement  mixture 
from  materials  showing  an  appreciable  range  in  composi- 
tion, at  the  same  time  care  must  be  exercised.     Highly 
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siliceous  clays  or  limestones  are  undesirable,  the  materi- 
als used  often  contain  ferric  oxide,  magnesia  or  alkalies. 

Their  affect  according  to  Shewberry  is  as  follows: 
Ferric  oxide  combines  with  lime  at  a  high  heat  and  acts 
like  alumina  in  promoting  combinations  of  silica  and 
lime.  For  practical  purposes  the  presence  of  ferric  oxide 
in  a  clay  need  not  be  considered  in  calculating  the 
amount  of  lime  required. 

Alkalies  so  far  as  indicated  by  the  behavior  of  soda, 
are  of  no  value  in  promoting  the  combination  of  silica 
and  lime,  and  probably  play  no  part  in  the  formation  of 
cement. 

Magnesia  though  possessing  marked  hydraulic  pro- 
perties when  igniled  alone,  yields  no  hydraulic  products 
when  heated  with  clay,  and  probably  plays  no  part  in 
the  formation  of  cement,  and  it  is  incapable  of  replacing 
lime  in  cement  mixtures. 

The  following  analyses  taken  from  the  1897  Mineral 
Industry  will  give  an  idea  of  the  composition  of  clays 
used  in  portland  cement,  while  following  them  are  several 
Alabama  occurence  that  could  no  doubt  be  used  in  ce- 
ment manufacture. 
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Bricks  in  U.  S.  in  1897,  valuation  of. 1 

•«      vitrified 80 

Brown,  Wm.,  Lamar  Co.,  clay  of. 101 

Brush  and  Bluff  creeks,  Lauderdale  Oo.,  clay  between Ill 

Buff  ware , 18 

Buhrstone  flint  clays 112,  158 

Building  brick' clays 72,  73 

11           u     loam 112 

Burned  clays  (grog) 27,  132 

Burleson,  Franklin  Co.,  clays  near 108 

Calcareous  clays 17,  183 

Calcite 16,  42 

Calcium  oxide  determination 47 

Caldwell,  Dr.,  quoted 72 

Calhoun  County  clays 75,  80,  134,  135, 188 

"           "       kaolin 74 

Cambrian  clays 73,  133 

Carbonate  of  lime  in  clays 16.  17 

Caraonate  of  iron  in  clays 44 

Carboniferous  plastic  fire  clays 131 

Oenterville,  clays  near ,  90,  91 

Chalk 78,85,201 

Chalk  Bluff,  Elmore  County ^ 88,  89,  162,  184,  190 

"         "      Marion  Co 6,  25,  26,  52,  106,  117,  127 

Charleston  limonite  bank,  "clay  horse'' in 75 

Ohaney's  pottery,  Franklin  Co 108 

Chemical  and  physical  properties  of  clays 114 

Chemical  clay 58,  69 

44        effects  of  heating  clays 38 

'•         properties  of  clays 9 

Chemically  combined  water  of  clays 22,  24 

Cherokee  County  bauxites 142 

"  "        clays 76,  118,  136,  161 

Chert  for  glazing 79 

Chilton  County  clays 72 

'•               "       micaschists 70 

China  ware  clays 79,  110,  115,  116,  118 

'«        "     kaolinite 71 

Choctaw  County  clays 26,  112,  131,  134,  158 

Claiborne  formation  flint  clays 112 

Clarke  County  flint  clays 112,  131,  158 

Classification  of  clays 57 

Clay 3 

Clay,  chemical 58,  69 
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Clay  County  clays 72 

«         "       kaolinite  veins 72 

"         •'      mica  schists 70 

•'         *c      mica  veins 72 

"         u       pegmatite  veins 72 

u0hay  horses  " 74,75,76, 108 

Clay  origin 3 

Clay  produced  in  TT.  B.  in  1897,  valuation  of. 1 

Clay  properties 1,8,  8, 114 

Clay  prospecting 59 

Olay  rocks  (shales) 7 

"Clay  substance" 9,  50 

Clays,  classification  of. 57 

"     composition  of... 9 

"     distribution  of. 8 

"     mining  of. 59,  60 

w     miscellaneous 193 

"     preparation  of. 59 

44     for  headstones  of  graves 107 

••     for  Portland  cement ~ 901,  202 

*  for  vitrified  bricks 10 

11     for  whitewash ~.  110 

Clays  from  feldspar  rocks..... ~ - 5 

44       "    gneisses 5,16 

"       •■    fcranltes 5,16 

"       •«    limestone 5,  73 

"       "    Paleozoic  shales ^ 6 

Ways,  geological  structure  and  distribution  of. 6 

••     in  sink  holes,  ponds,  etc.... 73 

"     in  veins to 

"    "kissteipjH 83 

"    u  Red  Mountain,  Wilts*  Valley - 77, 7*,  78 

Clays,  residual 5,  6 

*  sedimentary , o,  7 

Cleburne  County  kaolinite  veins t2 

••            H     mica  veins.. ..." 72 

ft            "     mica  schists 70 

*4           **      pegmatic  .veins ».. 72 

ClingsoaltfB,  Dr.,  Miss.,  days W,  112 

Coaldale,  Jefferson  Co*,  paving  and  vitrified  bricks wJ,  186 

««             •«        ♦•    shales 184 

Coal  lieasiirefe,  wayA  from 88,  181 

Constat  $laln  Rejtmrt,  quirted $9,  86,  tl,  94j  106 

Cobalt  in  days »........«,.•.... u.8 

Colbert  Qesurtyelays .>.>^.w,.. ..........  «,  189, 199,  417, 199,146,  9055 

Ooibk  burning  4teys ™ to 

Coloring  ^f  days  by  item,.... — 13 

Color  of  days. -~.~. •• .^ *...  16,  $9 

Combined  water r ««..•.  98,  4ft 
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Page. 
Common  brick  clays 181 

•4           "  in  the  U.  S  in  1807,  valuation  of 1 

Composition  of  clays,  see  analysis 

Concord  Church,  Fayette  Co.,  clay  near 103 

Conecuh  County  flint  days 12, 131, 168 

Cones.  Segerand  Cramer 32 

Coosa  County  clays "     72 

•'           "       micaschists 70 

Coosada,  Elmore  Co.,  clays  near 88, 166 

Coos  i  Valley  Region,  fire  day  of. 133 

Cook,  quoted 25 

Cottondale,  Tuscaloosa  Co.,  clays  near 93,94 

Cowles'  Station,  days  at 88 

Cracking  of  clays 27, 132 

Cramer  pyramids  (cones) 32 

Crawford,  Russell  Co.,  clays 88 

Creta  eous  clays 6,  8,  81,  117, 131,  133,  160 

Cribbs,  Colored,  Capt.,  quoted 98 

Oribbs,  Ban.,  pioneer  in  making  Alabama  clay  ware 92 

Cribbs' Fleming  W.  Lamar  Co.,  clay 100 

"           "         "         "        "     pottery 92,  100 

Cribbs  ,  H.  H.,  Tuscaloosa  Co.,  clay 92,  93,  166,  202 

"        "    "             "           "     pottery :...  92,93 

Cribbs,  Peter,  Lamar  Co.,  potteries 92,  98,  99 

Cribbs'  Place,  Lamar  Co.,  clay  of. 172 

Crystalline  rocks  in  Alabama 70 

Davenport,  C.  C,  Cherokee  County.,  clay  from 161 

Davidson  Bros,  pottery 101 

Davidson's  Store,  clay  at 107 

DeArmanville,  Calhoun  Co.,  clays  of. 76 

Denman,  Jas.  Cleburne  Co  ,  clays  of. 72 

Dekalb  County  clays 77,  78,  79,  123,  123,  146,.148,  149 

Detroit  P.  O.,  potteries  near ..*....' .  101 

Distribution  of  clays 6,  8 

Dixie  Tile  and  Pottery  Co.,  Oxford,  clay  of. 76,  184,  188 

Dolomite "  44 

Dolomite  in  clays .• 16, 19,  44 

Doty's,  W.,  Fayette  Co.,  clay 103,  174,176 

Drain  pipe  clays ., 88 

Drain  tile  in  U,S.  in  1897,  valuation  of. '. 1 

Drying  of  washed  kaolin ^7 

Dry  process  of  moulding  bricks 183 

Dyke's  bauxite  bank,  Cherokee  Co.,  clays  of. 136, 137, 138.139,  140, 141 

Dykes  limonite  bank,  Cherokee  Co.,  clays  of.  76,  118, 136, 137, 138, 139, 140,  If  1 

Earthenware  clay 122 

Eafttport,  Colbert.  Co.,  fine  silica  white  at 1J.2 

Edge  wood,  Elmore  Co.,  days  near 88,103 

"              "         u     ochre  near ,\. ..,..., .     164 

Efflorescence  on  clay  wares w¥. ,  .  17 

Eldridge,  clay  near . ...^  104 
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Elgin  property,  Bibb  Oo.,  clays  on 161 

Elmore  County  clays 88,  162,  163,  166, 190 

England  bone  china 18 

English  and  Mining  Journal,  quoted 31 

Epsom  salts  in  clays 20 

Eureka  Olay  Mines,  Dekalb  Co., 122' 

European  clays,  silicia  in 20 

Pat  clays 23,  25,  US,^' 

FarrelPs  Mill,  Macon  Co ,  clays  near ,    .'.JKL 

Fayette  County  clays 82,  96, 101, 102,  103, 174,  175,  176, 178^«fcJL^ 

Fayette  O.  H.,  clays  at  and  near 25,101,^03.  , 

Feldspar ,  7Q 

Feldspar  clays 12 

"       in  clays 16,  18.  28 

"         "  kaolin 116 

Feldspar  of  granite  vein9 71 

Feldspar  veins,  clays  from 6 

Feldspathic  detritus 49 

Fernbank  clays,  Lamar  Co., 22,  25,  52,  98,  173 

"        pottery    "       "      98 

Ferric  salts  in  clays ^ 14,.  39 

Ferrous  oxide  determination 49 

44      salts  in  clays 14,  40 

Firebrick -  86,  87,  94,  132,  133 

44        ••     clays 78,  79.  80,  86,  91,  117 

"        «•     manufacture 92,  109.  150 

Fire  brick  in  U.S.  in  1897,  valuation  of 1 

Fireclays % 92,  94,  97, 105,  110,  112,  130,  131,  132,  133 

Fire  shrinkage  in  clays 26,  L7,  28 

Flint 41,  42 

Flint  clays 3,  112  130,  131.  158 

Florida  clays 6 

Flower  vases,  manufacture  of 93 

Fluxes  in  clays 10,29 

Foreign  clays  for  Portland  cement 201" 

Fort  Payne,  Dekalb  Co.,  clays  near 80,  149 

Fort  Decatur,  clays  at  old 88. 

France,  kaolin  from 54 

Frankfort,  Colbert  Co.,  clays  near 110 

Franklin  (Ohio)  Company  mines,  Dekalb  Co 78 

Franklin  County  clays 82,107,  180 

Friedrick,  Briggs,  Marion  Co.,  clays  of. 106,  127  . 

Free  silica  in  clays 20 

Friendship  Church,  Lamar  Co.,  clays  near 99 

Front  brick  clays ....:.:.:..     -       182  t 

Fu  ibility  in  days 29*  31  . 

Fusing  point  of  Seger  cones ~- -  ,  £3, 

Fusion  of  clays ..,....> ....  38 

Gadsden,  clay  near ,*.... ...<;..,..*..v.„..j7.4,  11?,  Uft& 

Galtman,  Marion  Co.,  clays  near 101 
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Pit*- 

Garnet  in  days 14 

Gsasett  M.  E.  Marion  Co.,  clayaof. 10$ 

General  discussion  of  clay* fc 

Geological  relations  of  clayB 6fr 

Geological  structure  and  distribution  ofenyfc 6 

Geological  Survey  of  U.  8.,  quoted 56 

Germany  days 54 

"        kaolin 5fc,  56 

Giiley'ft  branch,  Franklin  Co.*  days  of. 108 

Girard,  Russell  Co.,  days  near 87,  88* 

Glazing  cfety ., -. 182 

GhwB-potday •.-.-. Df,  154 

Glen  Allen,  Marion  Go.,  day*  near.. 101, 104, 105,  lifr 

Granite  veins  in  Alabama 70 

"         "   ,  claysfrom 6 

GKraphic  granites  (pegmatites) 70 

Graves,  W.  H.,  Birmingnam,  shales  of. 89*184 

Green's,  J.  B.,  Lamar  Co.,  day 17$ 

'•       "  u         u       u     pottery 98 

Gteenwtfod  Bfcrlhgv  Miss.,  days  near 100- 

Grlflln's,  H.  H.,  Dekalb  Co.*  day - 12a 

Gfo£ ^ ... 27,  l82|  133)  158- 

Gnln,  Marion  Co**  day  near *..«. >* M 101*  104. 105- 

Gypstun 18,  42 

In  days 1B>  **>  & 

fiallo^site. 61 

Hamilton,  Marion  Co.,  clays  near 106,  ltfr 

Hickory  tree  limonite  bank,  Cherokee  €4,  olafr  in* 7fc 

Hilgard,  Dr.  feugehe  W.,  quoted 83 

dopBdnt,  T.  (\,  quoted 165 

hornblende  ia  days 14,  Ifr 

"torses/  clay H,  75,  76 

Hotop,  B.,  quoted .. 64 

ringhes,  J.  R.,  Gadsden,  day  Of 119 

HolFs  Station.  Tuscaloosa  CO.,  cla?  neafr. 04, 1&,  15* 

Hungarian  porcelain,  lime  in 1$ 

Hydraulic  minihfc  of  kaolin 62 

Hygroscopib  \fratefr  (moisture)  In  days 22 

Igneous  rocks  in  Alabama * 70 

Impervious  clays. : *..*.*•>  30 

Imfmrities  in  kaolin. * 0 

Indptent  fusion  of  days. 20 

Insoluble  alkaline  compounds  in  clavs lfr 

Insoluble  residue  determination  in  days ,..„,•»..  48 

Iron  in  ctoys............ 1$,  13, 14,  44,  ft,  Si,  lio\  ltt,  lfifr 

Iron  in  beds  with  clays,  purification  bfr .....* t4 

Jacksonville,  Calhoun  Co.,  kaolin  from 7ft 

Jefferson  County  clays. 10ft,  1** 

"  '      shale  for  brick  and  cement  manufacture. .164,186,20ft: 

John's  Mill,  Tuscaloosa  Co.,  day  at >. Ms> 
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ft** 

-Jones,  Lewis  J.,  clay  in  well  of. $9 

Jugs,  manufacture  of 93 

Jugtown,  St  Clair  Co.,  pottery  and  clay  at t.. 83 

fcaojin ." 3,  5,  9,  4^,  ®t  56.  8?  86, 106,  J15,  «6 

41       drying 07 

"       impurities , 9 

£aolinite .'.....3,  4,  9,  lfc  40,  6$,  70,  71,,  123 

"        composition 4,  10 

44        from  granite  viens 71 

*•        in  clays 40 

"        orjrin ;. 3 

44        veins 72 

Kaolin  mining 61 

44      presses ,..., 67 

44      residual  beds 74 

"       veins 7,61 

44      washiniog ..,.. 62 

Kilgore'B  Mill,  Dr.,  Franklin  Co.,  clay  near 108 

Kymulga,  Talladegi  Co.,  clays  near 74, 117,  121 

Lafayette  formation  in  Lamar  Co 98 

Lamar  County  clays 98, 172,  173,  202 

Lapsley,  Judge  J.  W..  (Vineton),  Autanga  Co.,  clays  near 8Q,  90 

Landerdale  County  days Ill 

-Leaching  of  clays 74 

Leanc'ay 28  25 

LeChatelier's  fuerrnp-electric  pyrometer 31 

Lignite  in  clays 22 

Lilly  whife,  clay  used  for 86 

Lime  determination 47 

Lime  in  clays t„„ , 16,  29,  51 159, 160 

44     carbonate  in  clays 17 

"     silicate  in  clays 17 

Limes  one 2Q1 

"       ,  clays  from 73,  75 

Limonite  banks  with  **clfty  horses" 74,  75,  76 

Limy  clays 18 

Lindsay,  Joe.,  quoted 102 

Little,  Dr.  Q.,  quoted...  82,  83,  93,  96,  97,  98, 102, 104, 105,  106, 107, 108,  109,  111 

Lloyd's  potteries,  Marion  Co 92,10},  107 

Limqnite 44 

Loess  clays,  tilicain 20 

JiOss  in  weight  of  clay 8  after  shrinkage  has  ceased 27 

Louina,  Randolph  Co.,  kaoljnlt© ,., 71 

Macon  County  clays ,„„ 87 

Magnesia  determination 46,  47 

"        in  clays 19 

Mallett,  Dr.  J.  W.,  auoted 71 

Manufacture  of  fire  Drick 92 

Mapleville,  Bibb  Co..  clays  near ::. 90 

Marion  Co.    olays,  82,  104,  126,  127, 128, 155, 156, 179, 186, 194, 195,  196,  197,  202 
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Marion  County  shale 186 

Marl 16,  201 

Marly  clays 18,  42 

Marvyn,  Russell  Co.,  clays  near 88 

McOalley,  Henry.,  quoted 77,  83  111 

McDougalas'  Mill,  Miss.,  clay  near 84 

McLeans,  Elmore  Co.,  clays  and  pottery 88,  163,  166 

Metamorphic  rocks 70 

Metamorphism 7 

Method  of  clay  analyses 46 

Mica 43,70 

"     in  clays 12,  14,  25,  29,  43,  53 

"     schists 70 

"     veins 72 

Micaville,  Randolph  Co.,  clays  near 72 

Milldale,  potteries  near 101 

Millport  clay 98 

Milner,  Randolph  Co.,  clays  near 72 

Mine,  ochre,  Elmore  Co 88 

Mineral  Industry,  quoted 201 

Mineralogy  of  clays 40 

Mineral  Paint  and  Tripoli  Co.,  Florence 112 

Mines,  clay 78,  79,  116, 146 

Mining  of  clays 59,  60 

"  kaolin 61 

Miscellaneous  clays 193 

Mississippi  clays 83 

Mitchell's,  J.  J.,  Marion  Co.,  clay 106,  126 

Missouri  clays 20,  52,  131,  155,  168 

44  .     flint  clay 8,  silica  in 20 

u        Geological  Survey,  quoted 1,  155,  168,  175,  177,  179,  )81 

Moisture  determination 45 

Moisture  in  clays , 22,  45 

Molding  bricks,  processes  of. 182 

Molding  sand,  Marion  Co 105 

Monroe  County  clays 131, 158 

Montague  Clay  Mines,,  DeKalb  Co 79,  133, 146 

Mottled  clay,  Bexar,  Marion  Co 196 

Mu^cavite  in  clays 43 

Natural  glaze  clay 162 

Kelsons,  Mrs.  Susan,  Marion  Co.,  clay 106,  127 

New  Jersey  clays 20,  78, 131 

Nichol's,  A.  W.,  clay 98 

Non-volatile  and  non-fluxing  constitutuents  of  clays 10 

North  Carolina  clays 20 

"           "        Geological  Survey,  quoted 45  62 

"           "        kaolin 54 

•'           "             "      mining '. 61 

Ochre  (red  chalk) 108,  164 

'•     mine,  Elmore  Co 188 


i 
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Pace. 
Odor  of  days 11 

Ohio  clays 168 

Ohio  Geological  Survey,  quoted 168,  171 

Oliver,  C.  K.,  Tuscaloosa  Co.,  pottery  of. 92 

Orange  Sand  formation 84 

Organic  matter  determination 45 

u  "      in  clays 14,  22,  28,  39,  40 

Origin  of  clay 3 

Ornamintal  bricks  in  U.  S.  in  1897,  valuation  of. 1 

Oxanna,  Calhoun  Co.,  clays 74, 133,  135 

Oxford,  Calhoun  Co.,  clays 76,  188 

Paint  clay,  Landerdale  Co :...  112 

Paleozoic  clays 6,  160 

Palmer's,  H.,  Marion  Co.,  clays 107, 194,  195 

Pannel's  place,  Miss.,  clay  on 84 

Paving  brick  clays 137,  183 

•«  •«     shales 185 

Peaceburg,  Calhoun  Co.,  clay  from 74,  133  134 

Pearce's  Mill,  Marion  Co.,  clays 105,  107,  128,  133,  134,  155,  156 

Pearce's  Mills,  Marion  Co.,  shale 81,  105,  117,  184,  186,  201 

Peden,  Aleck,  Miss.,  clay  oi 84 

Pegmatites  (graphic  granites) 70,  72 

Pegram,  Colbert  Co.,  cays  near 40,  109. 110,  117,  129,  134,  157,  180 

Pen  nsy lvania  glass  pot  clay 155 

Phillips,  W.  B.,  quote! 106,  127,  167 

Phoenix  City,  Russell  Co.,  clay  near 87 

Pholerite 4 

Physicial  properties  of  clays 24,  114 

Pickel,  Dr..  quoted Ill 

Pickens  County  clays 97,  170,  171 

Pikeville,  Marion  Co.,  clays  near 106 

Pinetuc^y,  Randolph  Co.,  clays 72 

Pipeclays 85,  88 

Pipe,  sewer,  in  U.  S.  in  1897,  valuation  of 1 

Plastic  clays 73,76.130,131,138 

Plastic  ball  clays  of  F'orida 6 

Plasticity 4 

Plasticity  in  clays 23,  24,  25 

"  '  kaolin 116 

Plistocene  clays 112 

Pond  clay 73 

Porcelain  clays 11,  71,  72,  86  116  117 

Porce'ain  earth 86 

Porcelain  ware  from  Alabama 72 

Potash  determination 46 

"       in  clays 11 

Portland  cement,  clays  for 199,  201 

44  "     ,  materials  for ...199,201,202 

Potteries 80,  88,  92,  93,  98,  99,  100,  101,  107,  108 
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Pace* 
Pottery  clay... ,73,  78  80,  93,  97, 129,  129, 159,  163,  166,  166,  169,  172,  174, 175, 176 

179, 180 
Pottery  ware  in  U.  8.  in  1897,  valuation  of 1 

Pottery  ware  from  Alabama 72 

fost  Tertiary  loams  for  building  bricks 112 

Powell's,  Reuben,  clay 99 

Porosity  of  clay 39 

Prattville  clays : 25,28,201 

Preparation  of  clays 59 

Pressed  brick,  clays  for 88, 177, 182 188, 189 

Pressed  brick,  shale  for 187 

Pressed  bricks 86 

4i           ""     in  U.  8.  in  1897,  valuation  of. , 1 

Presses  for  washed  kaolin 67 

Pressley's  pottery,  Elmore  Oo 88 

Preston's,  W.  D.,  pottery,  Autauga  Oo 92 

Properties  of  clays 1,  3,  8, 114 

Prospecting  for  clays 59 

Purification  of  days  in  limonite  banks 74 

Pyramids,  Cramer  and  Seger 32 

Pyrite 44 

Pyrite  in  days 14,44 

Pyrometer,  thermo-electric 37 

Pyrometers 31 

Pyrometer,  Seger 32 

Pyroxene  in  clays 19 

Quartz 41 

Quartz  as  a  grog 132 

Quartz  determination 49 

Quartz  in  clays 18,21,28,41,42 

Quartz  in  kaolin 116 

Queen  ware  clay 86 

Radiolarian  clay 158 

Railroad  cuts,  clays  sliding  in 90,  94,  96 

Randolph,  Bibb  Co.,  clays  near 90,  91 

Randolph  County  clays 72,  73 

"               "       kaolinite 71.  72 

14               '•       mica  veins 72 

"               •'      mica  schists 70 

"               "       pegmatite  veins 72 

Rational  analyses 56,  57 

"  "       of  clays 50,  54,  147,  149  150,  152,  154 

"              "       of  kaolin 64 

"              "     ,  usesof 56 

Red  burning  clays 59 

Red  clay,  Lauderdale  Oo 112 

Red  Mountain,  Wills'  Valley,  days 77,  78 

Red  shale,  Marion  Oo 186 

Refractory  articles .*.  146 

"  bauxite 142 

44  clays 11,  94,  105,  116, 131, 133, 135, 156, 157,  176.  ISO 
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Pa**. 
Befractormess *n  clays 51 

"Belraotory  quotient" 81 

Besidual  days 6,  6, 18,  60,  73,  T4 

Bhea,  Mrs.  0.,  Oolbert  Co.,  clays  from 110 

Hies,  Dr.  Heinrioh,  general  discussion  of  clays  by 8 

"  i    "  4*  2  t  physical  and  chemical  properties  of  clay  by 14 

",    "  u      ,  quoted 89,70,79,81,88,89,92,98,94,97,88,99,102,108, 

104, 109, 110,  126 

Boberte'  Mill,  Pickens  Co.,  clay  near 97, 170 

Bobinsdh  Springs,  Elmore  Co.,  clay  near 88 

Bock  Bun,  Cherokee  Go.,  bauxite,  refectory 142 

Bock  Bon,  Cherokee  Co.,  clays  near 74, 117, 118. 138. 186, 160 

41  "  "  kaolin  near. 28 

Bodentown,  DeKalb  Go.,  pottery  and  clay  near 80 

Bollin's,  Thos.,  Franklin  Co..  clay 108, 109, 180 

Bossell  Oonnty  days 87 

Boaselville,  Franklin  Co..  clays  near 108 

Butile  (titanic  acid)  in  clays, 21 

Bye's  pottery,  Mllldale  (Detroit  P.  O.) 101 

St.  Lonis  fire  clays,  silica  in 20 

Sand  determination 49 

Sand  in  clayB 18,  20,  21 

Sand,  molding,  Marion  Co 106 

Saunder's  Ferry,  Tuscaloosa  Co.,  clays  near 95 

Savoy  P.  O.,  Franklin  Oo„  clays  near 108 

Saxony  olays  and  kaolins 54 

School  House  Hlllf  Oenterville  Co.,  olays  in ~ 91 

Schists,  mica 70 

Screening  of  kaolin 65 

Sections  of  clay  beds  and  outerops ..77.  78,  89,  90,  91,  93,  94,  95,  96,  98,  99, 

100, 102, 108, 104, 105> 109,  110,  111,  162 

Seger  cones  (pyramids) 32 

iC      quoted 15,  18,  21,  59 

Sedimentary  clays 6,  7 

Semi-refractory  clays 181 

Settling  tanks... " 66 

Sewer  pipe  in  U.  8.  in  1897  valuation  of. 1 

Shales 7,  188, 184 

Shales,  Carboniferous,  for  vitrified  and  pressed  brick,  terra  cotta.  etc  80, 81, 105 

Sheffield  Paint  Company,  clay  of 112 

Shewberry,  quoted 200 

Shirley's  Mill,  Fayette  Co.,  clayB  near 103, 176,.  184 

Shrinkage  in  clays 18,  23,  24,  26,  56, 132 

Silica  determination 46 

44      for  paint  and  glass  man  uacture 112 

"      in  clays 20,  21,  51 

Silicate  of  lime  in  clays 17 

Siliceous  olays 28 

Siderite  in  days : 44 

Sink  hole  days 73 
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Pate. 

Sintering  in  clays 80 

Silurian  days 73, 133 

Sizemore,  Ira,  Lamar  Co.,  clay  of. 101 

Slaking 38 

Slate 8 

Sliding  cut,  Tuscaloosa  Co 94 

Sliding  of  clays 90,  04,  96 

Slip  glazes 17 

Smith,  Dr.  E.  A ,  geological  relations  of  the  clays  of  Alabama  by....  69 

"        "     "   ••    quoted 13,114,158,189 

Snow  place,  Tuscaloosa  Co.,  clays  on 95 

Soap  ffill,  Bibb  Co.,  section  of 91 

Society  Hill,  RasseU  Co..  clays  near 88 

Soda  in  clays 11 

"Soft  Mud"  process  of  molding  bricks 182 

Soluble  alkaline  compounds  in  clays 11 

Southern  states,  ferruginous  clays  of. 5 

Splitting  of  bricks 17 

Steele  Bluff,  Warrior  River,  clays  at 96 

Steven's,  Calhoun  Co.,  clay 133, 184 

Steven's  Switch,  Jefferson  Co.,  clay 80 

Stewart's  Cut,  Marion  Co.,  clay 104 

"Stiff  Mud''  vroGesaa  of  molding  bricks 182 

Stone  Hill,  Cleburne  Co.,  clays  near 72 

Stoneware,  Clays 79,  97,  159,  162,  165,  169,  170,  171/173,  178 

44         chert  for 79 

44         manufacture 71 

Sub-carboniferous  clays 77,  117,  133 

Sulligent.  Lamar  Co.,  clay  near 100 

44             "        4'      pottery  at 92,100 

Sulphur  determination....* 49 

Sulphuric  acid,  free,  in  clays 12 

Summit,  Blount  Co.,  clay  and  pottery  near 80 

Swelling  of  clays 15,  17 

Talladega  County  clays 75, 121 

Tampa,  Calhoun  Co.,  clays  near 75 

44             '4          «'     kaolin 74 

Tauks,  settling,  in  washing  of  clays 66 

Tan  Yard  Spring  clay,  Lauderdale  Co Ill 

Taste  of  clays 12 

.Ten-mile  cut  clay,  Tuscaloosa  Co 97 

Tennessee  Valley  clay  in 80 

Tensile  strength  of  clays 26 

Terra  cotta  in  U.  S.  in  1897,  valuation  of 1 

Tertiary  formation,  clays  of 6,  8, 112, 131,  134,  158 

Thermo-electric  pyrometer 31,  37 

Thomas'  Mills,  Marion  Co.,  clay  near 99 

Tile  clay 122 

Tile,  other  than  drain,  in  U.  S.  in  1897,  valuation  of. 1 

Tishomingo  County,  Miss.,  clays 8S 
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<*  Pace. 

Titanic  acid  in  clays 21 

Titanic  oxide  determination 48 

Trenton,  New  Jersey,  potteries,  clays  shipped  to 78 

Tripoli  and  Mineral  Paint  0o„  Florence 112 

Troughing  of  kaolins 62 

Tullis,  A.  H.,  Calhoun  Co.,  clay  of. 75 

Tuomey,  Prof.  M.,  quoted 71 

Tuscaloose,  clays  at  and  near 92,  93,  94,  96,  116,  202 

Tuscaloosa  County  clays. 92,  93,  94,  96, 152,  153, 166,  169,  184,  187,  202 

Tuscaloosa  formation,  clays  of. , 81,  82,  117,  133,  160 

Ultimate  analysis 60,  51,  52 

'*  u     of  clays,  see  analyses  of  clays 

"  a      of  kaolins,  see  analyses  of  kaolins 

"             "    ,  uses  of. 51,  52 

Underbeds  to  coal  seams,  clay 80 

United  States  Giological  Survey,  quoted 68 

Utilization  of  clays 114 

Utilization  of  clays  for  Portland  cement 199 

Valley  Head,  DeKalb  Co.,  clays  near 133, 146, 148 

11         "           "         "    kaolin  near 61 

Valley  Regions  Reports,  quoted 75,  76,  77,  80,  83, 110 

Vance  Station,  Tuscaloosa  Co.,  clay  near 94 

•'               "            "     pottery  at 80 

Vaugn's  pottery,  Elmore  Co 88 

Vein  clays 6,  70 

°    kaolins 7,61 

Vernon.  Lamar  Co.,  clays  near 98 

Vineton,  Autauga  Co.,  clays  near / 89,  90 

Viscosity  of  clays 30 

ViscouB  clays : 30 

Vitrified  bricks 80 

"           '■    ,  clays  for 88 

u          u    ,  shales  for 105 

Vitrified  paving  bricks  in  U.  S.  in  1897,  valuation  of. 1 

"       ware,  clay  for 10 

Vitrification  of  clays 30 

Vogi,  Q.,  quoted 53 

Waldrop's,  Fayette  Co.,  clay 103 

Wallace's  Mill,  clay  near 102 

Warping  of  clay  in  burning 27 

Warwhoop  bauxite  bank,  Cherokee  Co.,  clay  in 76 

Washer  bauxite  bank,  Cherokee  Co.,  clay  in 76 

Washing  of  kaolin 62 

Washington  County  flint  clays 131, 158 

Water  in  clay 22,  46,  61 

Water  (combined)  determination - 45 

"              **            in  clays 61 

Waterloo,  Lauderdale  Co.,  white  silica  from 112 

"Water  Smoking*' 23 

Wedowee,  Randolph  Co.,  clay  near 73 
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Wheeler,  H.  A.,  Clays  of  Mo.,  quoted „.,„...,•  4  SO,  Jft 

White  and  yellow  burning  days , 5§,  & 

White,  F.  S.}  clay  from  Blounj  Cfc,  frpm.,.,,.. J60 

White  mica  in  clays ,f.„,M , f,  4t 

White  Bluff,  Warrior  River,  clays  at ft 

White  ware  clays , ,.„..»i 1%  l?0 

'    mixture Uft  U7 

Whitewash,  o)ay  used  as  a - „.,„,••.  86 

Wiggins,  Henry,  Fpyejfc  Op,,  ejay  In  feoffd  well  of:..., IW 

Wiggins,  pesekif^  Fayette  Co.,  clay  of. 103,  W 

Williams,  J.  W.  Colbert  Oo.,  clay  of. 157, 190 

Williford's  landing,  Warrior  River,  clay  at 06 

Will's  Valley  clays. . 77, 78, 79, 117 

Woodbridge  fire  clays,  silica  in 20 

Woodstock,  Bibb  Oo.,  clay  near 92,183, 134, 151, 184, 191 

Works,  Bessemer,  clays  for  fire  brick 109, 150 

Wright's  P.  O,.  Lauderdale  0o„  clay  near Ill 

Yellow  burning  days ,..  59 
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